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ABSTRACT 



During the International Field Year for the Great Lakes (IFYGL, June 
1972-June 1973), phytoplankton samples were taken from a network of stations 
covering the offshore waters of Lake Ontario at approximately monthly 
intervals. Association analysis was performed on data from near-surface 
samples using principal components analysis (PCA) in an attempt to determine 
if regions of floristic similarity were present which might prove useful in 
developing appropriate segmentation for modeling of the system. Results of 
the analysis showed a general pattern of community similarity on a yearly 
basis, but generally weak associations and poor spatial coherence during a 
single sampling period. It appears that phytoplankton assemblages in a 
highly perturbed system such as Lake Ontario undergo rapid and complex 
responses to environmental forcing functions, which are not adequately 
resolved by monthly sampling. As might be expected, association differen- 
tiation in the surface waters is strongest during periods when strong physical 
gradients are present (spring warming) . An analysis of the trend in abundance 
of some important taxa with respect to temperature is provided. 
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INTRODUCTION 



A major objective of the IFYGL Lake Ontario field study was to obtain a 
data base for a subsequent modeling effort. A part of this model would of 
necessity deal with the lake's phytoplankton communities. However, a completi; 
characterization of the phytoplankton by any model is at present impractical. 
In a study of IFYGL near surface water samples (Stoermer et al. 1974), 297 
phytoplankton taxa were enumerated, and no model can currently handle that 
many entities. In addition, the IFYGL project studied 60 stations in Lake 
Ontario and this many stations likewise poses problems for modelers. One 
solution to these problems is to reduce the number of taxonomic entities by 
identifying natural groupings of these taxa and similarly to group the 60 
sampling sites in Lake Ontario into a smaller number of regions within which 
the phytoplankton community is reasonably uniform. Thus, this paper will 
attempt to answer two basic questions: Are there any groups of phytoplankton 
which tend to be found at the same place at the same time? Can the lake be 
segmented into regions, each with its own characteristic community? 

This report presents an attempt to characterize the complex and dynamic 
phytoplankton communities of Lake Ontario during IFYGL in a simple yet 
meaningful way. The method used is principal component analysis (PCA) , a 
multivariate technique currently in rather common use to describe community 
structure (e.g. Orloci 1966). Each of the 10 IFYGL cruises is analyzed 
separately. Two analyses are presented for each cruise: one using carbon 
density of phytoplankton taxa (equivalent to an analysis of cell density, as 
discussed below) and a second using the estimated fraction of total algal 
carbon contributed by the taxa. Each of these analyses provides two 
complementary views of the data. The first is a segmentation of the lake 
into regions each with its own phytoplankton community. The second is a 
grouping of taxa into communities which are found in these regions. 

In addition to the PCA and associated analysis of spatial distribution 
of phytoplankton, a summary description of the seasonal patterns of the major 
phytoplankton groups and their most abundant members will be given. Also a 
parameterization of the occurrence of important taxa with respect to tempera- 
ture is given. 



MATERIALS AND METHODS 



Samples used in the analyses were collected with Niskin bottles from water 
Im below surface. Phytoplankton samples were fixed with gluteraldehyde (4% by 
volume). A 50ml subsample was then filtered through a 25nim "AA" Millipore 
filter and mounted on a slide with beechwood creosote. Slides were counted 
visually using a Leltz Ortholux microscope fitted with fluorite oil immersion 
objectives giving approximately 1190X magnification and nominal Numerical 
Aperature of 1.32. Each slide was scanned to count cells to species level 
from 0.48 ml of lake water. For further description of the species enumera- 
tion and collection procedure see Stoermer et al. (1974). 

Raw phytoplankton counts are then used to calculate for each taxon i: 

a) cells/ml = D. 

1. 

b) yg carbon/1 = C. 

1 N 

c) fraction of total algal carbon = C JY. C. = P. 

where N = total number of taxa. 

Ci is calculated from D. using equations given by Strathmann (1967) for pg 
carbon/cell: 

for diatoms, log c_^ = .758 log V^^^ - .422; SE=.198 

for other phytoplankton, log c. = .866 log V. - .460; SE=.110 

where c. is pg carbon/cell, V. is the volume of one cell of taxon i, SB is the 
standard deviation of the estimate for log C, and log is taken to base 10. 
Cell volumes for each taxon are taken from averages made from original specimens 
counted for IFYGL. V. represents an average of up to 15 volume measurements 
for common taxa. The values for C. are calculated as: 

X 

C. = c.*D. / 1000. 
1 11 

Analytioat Methods 

The data for the Im samples from a cruise were analyzed using principal 
component analysis (PCA) . Briefly, this technique is a type of cluster or 
association analysis. It shows in an approximated way the degree of similar- 
ity or dissimilarity between samples with respect to the phytoplankton taxa 
found in those samples. Simultaneously, it determines the degree of 
similarity and dissimilarity between the phytoplankton taxa with respect to 
their distributions. Thus the analysis finds stations in the lake which have 
similar phytoplankton communities at the Im sampling depth, and it determines 
which taxa belong to those communities. More complete descriptions of the 
technique are found in Orloci (1966) and Morrison (1967) . 

Two PCA were performed on the data from each cruise. The first analysis 
uses algal carbon density (C ) . The correlation matrix is employed, and thus 
this analysis can be viewed as using carbon density standardized Lo the taxon's 



mean and standard deviation. This transformation to standard deviation units 
in effect removes the importance of a taxon's absolute abundance. Rare and 
common taxa have nearly equal impact on the results of the analysis. Another 
implication of the standardization is that, since scale is removed, the unit 
of measure is as well. This analysis of taxa density in pg-C/1 may therefore 
be considered to be equivalent to any other analysis of data proportional to 
carbon density. In particular, this analysis is identically equivalent to an 
analysis of taxa cell density (D ) . The second analysis uses the fraction of 
total algal carbon (P.) to characterize the taxa. The variance-covariance 
matrix is employed, and thus no transformation to standard deviation units is 
performed for this second analysis. 

Sources of Error 

Both of these analyses are subject to errors from various sources. The 
most important source of error affecting the PCA on carbon density (or cell 
density) results from the limited number of cells counted for each taxon. 
For solitary cells, the standard deviation of the cell count will be n, where 
n is the number of cells counted. This results from characteristics of the 
Poisson distribution, which we have demonstrated to adequately describe the 
distribution of cells on the slides. Consequently, the fractional error for 
counting n solitary cells is /n/n or ll/n. Thus, as more cells are counted, 
the relative error decreases. For n=10 the relative error is 32%, while for 
n=100 it is 10%. In this study the values of n for solitary cells is 
typically about 10, but can reach into thousands. 

Many taxa are not solitary, however. Such taxa may form colonies from 
two or three up to many hundreds. For these taxa, it is not the number of 
cells counted but rather the number of colonies counted (as well as varia- 
bility in colony size) which determines the relative error in the estimate 
of population density. For n colonies of equal size, the relative error in 
n will be l/v^T" regardless of the number of cells actually counted. 

The PCA, on fraction of total algal carbon, is subject not only to the 
source of error just described, but also to other sources related to the 
calculation of carbon density, C.: 

i) error resulting from the SE of the estimate of log c. in Strathmann's 
(1967) equations. The SE for diatoms is 0.198. This SE for log c. 
translates into an error in c. of a factor of 1.58. The SE for 
other phytoplankton (.110) translates into an error of a factor of 
1.29. 

ii) errors resulting from variability in cell volumes. For some taxa, 

the variability between cells is small. For others, the average cell 
of a taxon may be 3X as big as the smallest cells of the taxon but 
only 1/3X as big as the largest. Although errors may be large in 
estimating the carbon of an individual cell, estimation of total 
carbon for a number of cells of a particular taxon will, in a 
relative sense, be lower since positive and negative errors will 
tend to cancel. Variability between the mean of the measured 
individuals and the population probably contributes an error of at 
most 20 - 50% to cell volume for most taxa. 



iii) errors in measurement of cell volume. A change of only 26% in each 
linear dimension results in a factor of two change in volume. Thus, 
small measurement errors can result in large errors in calculated 
volume. (This problem is most severe for small cells.) In addition, 
calculation of cell volume requires the selection of a similar 
geometric form on which to base the calculation. Deviations from 
this assumed form contribute to errors in volume calculation. 
Taking ii and iii together, it is expected that cell volumes are 
accurate to a factor of two for at least 50% of all taxa. This 
factor of two is equivalent to an error of 0.3 in log V. in 
Strathmann's equations. 

iv) potential errors resulting from inappropriate application of 

Strathmann's equations. All taxa used in the determination of his 
equations are marine, whereas all taxa in this study are of fresh- 
water varieties. Nalewajko (1966) gives ash-free dry weights and 
cell volumes for 28 freshwater phytoplankton. Twenty-one of these 
taxa were isolated from Lake Ontario. These data are plotted as 
ash-free dry weight vs. cell volume in Fig. 1. Assuming that cell 
carbon is 40-60% of total ash-free dry weight (e.g. Healy 1975; 
Vollenweider 1969) these data are seen to be consistent with the 
equations of Strathmann. Consequently it will be assumed that the 
Strathmann equations apply to the IFYGL phytoplankton data. 

All above contributions to errors in cell carbon may be combined. (Add 
variances from independent error sources to get the resulting variance.) The 
SE associated with the regression (.198 and .110) and the estimated error in 
log Vj[ (about 0.3) combine to give errors for log C. of 0.3 for diatoms and 
0.28 for other types. This leads to the conclusion that estimates of cell 
carbon are probably accurate to within a factor of two for most taxa. The 
errors in estimating carbon density are large in an absolute sense, but not in 
a relative one. Cell carbon values range from 1 pg/cell to over 7000 pg/cell. 
Although carbon density estimates may not be accurate to better than a factor 
of 2, this error is small relative to the tremendous range of nearly four 
orders of magnitude for cell biomass, and thus conversion of cell density to 
carbon density provides a reasonable first attempt to compensate for differences 
in cell size. 

Cr-Lteria for Inclusion in PCA 

Several considerations must be made in choosing taxa to be used in a PCA. 
It is important to include as many taxa as possible in order to maximize the 
scope of the results and conclusions. However, interpretation of results is 
quite difficult if a large number of taxa is used. For a PCA using the correla- 
tion matrix, a list of taxa numbering from about 10 to 30 appears to be 
optimal for most phytoplankton data when the number of environment types 
represented in the samples does not exceed five and when three principal 
components are analyzed. 

Further considerations involve abundance of the taxa. For PCA using the 
correlation matrix, locally or erratically occurring taxa often dominate 
results, and taxa counted in only small numbers have large associated relative 
errors which reduce the reliability and interpretability of results. 
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With these considerations, the following frequency of occurrence criteria 
were chosen for determining the list of taxa used in the PCA for a given cruise. 
For inclusion, a taxon must: 

i) be observed at no less than 1/3 of all samples taken on any given 
cruise. 

ii) attain at least 10 colonies (or individuals if solitary) in one 

sample. This criterion is relaxed to 8 colonies on cruises 5-8 due 
to the small population densities and low counts on all samples from 
these cruises. 



A list of taxa used in the analyses is given in Table 1. 



TABLE 1. Taxa used in the PCA's. 













Cruise 


number 








CODE 


SPECIES or CATEGORY 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


ANKIFALK 


Ankistrodesmus falaatus 


X 


X 


X 


X 












X 


ANKISEGI 


A. setigepus 








X 














ASTEFORM 


Asterionella formosa 


X 


X 


X 








X 


X 


X 


X 


CRYPEROS 


Cvyptomonas evosa 


X 


X 












X 


X 




DIATTEVE 


Diatoma tenue var. elongation 




X 


X 














X 


FLAG#1 


flagellate #1 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


FLAG#2 


flagellate #2 


X 


X 








X 






X 


X 


GLENGYMN 


Glenodinium, Gyrnnodinium spp. 


X 


X 


X 




X 


X 


X 


X 


X 


X 


GLOEPLAN 


Gloeoaystis planotonioa 






X 
















LAGECILI 


Lagerheimia oiliata 








X 














MELOISLA 


Melosira islandiea 


X 


X 














X 




NITZACIC 


Nitzschia acioularis 


X 


X 


X 














X 


NITZBACA 


N. bacata 


X 


X 






X 




X 


X 


X 


X 


NITZDISS 


N. dissipata 


X 


X 












X 


X 




NITZ#2 


N. sp. //2 


X 














X 


X 




OOCYSTIS 


Oooystis spp. 








X 


X 












OSCIBORN 


Osci I latoi'ia boi'nijtti 




















X 


OSCILIMN 


0. Lirmetiaa 


X 


X 


X 




X 


X 




X 


X 


X 


PHACLENT 


Phaao tus ten tiau lafis 








X 




X 










PERIDIN 


Perinidinium spp. 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


SCENBICE 


Scenedesmus bice I lu laris 


X 


X 












X 


X 


X 


SCENQUVS 


S. quadrioauda var. quadrispina 






X 














STAUPARA 


Starastrim papadoxum 








X 














STEPALPI 


Stephanodiscus alpinus 


X 






X 


X 


X 


X 


X 


X 




STEPBIND 


S. binderanus 


X 


X 


X 












X 


X 


STEPHANT 


S. hantzsahii 


X 


X 


X 




X 


X 


X 


X 


X 


X 


STEPMINU 


S. minutus 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


STEPSUBT 


S. subtilis 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


STEPTENU 


S. tenuis 


X 


X 


X 




X 


X 


X 


X 


X 


X 


SURIANGU 


Surirella angusta 


X 












X 


X 


X 




SYNEOSTE 


Synedra ostenfeldii 




X 
















X 


ULOTSUBC 


Ulothrix Buboonstpiata 








X 












X 




TOTAL NUMBER OF TAXA USED 


21 


20 


14 


12 


11 


11 


11 


16 


19 


19 



Interpretation of PCA Results 

Following the PCA, samples (stations) are plotted relative to the scores 
on the first three principal components. Peripheral clusters are determined 
visually from the plot, and intermediate clusters showing the relationships 
between the peripheral clusters are determined. These steps require subjective 
decision, and results can vary somewhat depending on the judgement of the person 
determining the clusters. However, final results will, in general, be funda- 
mentally the same. 

The phytoplankton taxa are then plotted relative to their loadings. 
Clusters of taxa (communities) are determined from this plot. The plots of 
samples (relative to scores) and taxa (relative to loadings) are then compared 
to determine in which regions of the lake the communities belong. Conclusions 
are checked against the original phytoplankton abundance data for verification. 
A map showing the regions of the lake (locations of the stations in the 
clusters) is then drawn. 



An analysis of variance assuming unequal sample sizes (Sokal and Rohlf 
1969, p. 208) is performed for each taxon to determine if its abundance is 
significantly different between regions of the lake. For those taxa showing 
significance, the pattern of occurrence is determined from the ANOVA cell means. 



NEAR- SURFACE PHYTOPLANKTON TEMPORAL PATTERNS 



Table 2a shows mean values of cell densities for the major algal divisions 
for each cruise. Also shown is the weighted average of tlie cruise means to 
give an approximation to an average annual cell density. Cruise means are 
weighted to compensate for the irregular sequence of sampling. To account for 
the double spring sampling, all cruises are considered to have occurred during 
one 12-month sampling period. Thus, for example, the tenth cruise of 11-14 
June 1973 and the second cruise of 12-16 June 1972 are considered to be two 
cruises taken in the same month of the same year. This averaging method assumes 
a cyclic phytoplankton pattern with a period of 12-months that has been verified 
by many investigators for Lake Ontario and the other Great Lakes. Also shown on 
Table 2a is the weighted mean of the total cell density and the mean percent <5f 
total cells contributed by each division. This percent is derived from the 
quotient of mean cell density for the division and mean total cell density. The 
divisions in Table 2a are ordered by annual miean abundance. 

Table 2b shows cruise mean values for estimated total algal carbon for each 
division. These means are weighted to give annual mean carbon densities as 
performed for cell densities. A comparison of Tables 2a and 2b shows that diatoms 
comprise the largest fraction of any division, being around half the annual pliyto- 
plankton measured either as cells or as estimated carbon. The next most 
abundant group is that of the green algae at about 20% for cell density or 
estimated carbon density. However, the remaining divisions make up very dlffe:rent 
fractions of the average total near-surface algae. Microf lagellates and blue- 
greens are apparently over-represented when measured In cell density as compared 
with estimated carbon density. All other divisions make up much larger fractions 
of the total assemblage when measured in estimated carbon. In magnitude, the 
largest difference is perhaps of dino flagellates, which jump from only 2% of 
the population as cells to 13% as estimated carbon. Microf lagellates, on 
the other hand, show a nearly parallel drop from 16% as cells to only 5% as 
estimated carbon. The seasonal changes of the divisions will be discussed in 
greater detail. 

Diatoms 

During IFYGL, this group comprises just under half the phytoplankton as 
cells and just over half as estimated carbon on an annual basis (Tables 2a 
and 2b) . It shows a single large bloom period during spring (March to June — 
see Figs. 2 and 3) when densities are about eight times those of the other 
seasons. Diatoms are more abundant than any other algal type except during 
the August cruise, when, in terms of estimated carbon density, both greens 
and blue-greens are more abundant. In terms of cell density, diatoms are 
also at least equalled in the two succeeding cruises (in November) by blue- 
greens, and in the final June cruise, they are outnumbered by microf lagellates , 
Thus, although clearly the most important division numerically, when a com- 
pensation is made for size, diatoms apparently constitute an even greater 
fraction of the lake's algae and dominate during IFYGL in all but the August 
cruise. 

Tables 3a and 3b give the densities of the most abundant species. The 
dominant genus is seen to be Stephanodisaus. In terms of estimated carbon. 
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FIG. 2. Cell density for major algal types vs. 
cruise date. 
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FIG. 3. Estimated carbon density for major algal types 
vs. cruise date. 





en 




QJ 


T1 


■H 


c 


4-1 


nJ 


•H 


U 


m 


M 


C 




<D 


M T3 


C 




•H 


C 


4-J 


o 


ffl 


,^3 


iH 


!-l 


3 


ct! 


a 


O 


rH 




n) 


'O 


a 


QJ 




4J 


M-l 


nj 


o 


S 




•H 


X) 


+J 


o 


Cfi 


Xi 


0) 


4-) 




a; 


c 


Id 


rt 




(1) 


u 


e 


o 




M-l 


v— N 




,43 


■U 




>< 




OJ 




+J 


• 




^^s 


(1) 


>H 


OJ 


e 


en 






w 




rH 


• 


iH 


m 


QJ 


0) 


a 


•H 


>w^ 


o 




<D 


Cfl 


(X 


0) 


m 


■H 




4-1 


C 


•H 


o 


W 


4-J 


C 


Ai 


OJ 


c 


T3 


cfl 




i-l 


r-l 


CX, iH 


O 


CU 


4-1 


O 


>. 




rG 


C 


a 


CS 




OJ 


'-H 


s 


o 






,-^% 


CO 


cfl 


(IJ 


^-^ 


•H 




4J 




•H 


• 


03 


4-1 


S 


a 


cu 


OJ 


T) 


o 




V-i 


C 


CU 


cfl 


a 


(U 




s 


13 




C 




CO 






n 


CU ^-v 




&0 rH 


W 


CC3 --, 


i-i 


u u 


pq 


0) M 


<ti 


> 3. 


H 


CO -^ 



u 

Q 

< > 

O 



o c 
«- 3 

•-3 

on 

CTl J-, 

Q. 

■=i! 

vn 

oo S-, 
CO 

m 
i>- 

d) 

tr, 

KJ3 > 

w o 

CO S 

M 

O CM 

CJ LO -4^ 
O 
O 



<M 



3 
CM 

CM c 

D 
'-a 

CM 

r— >) 
CO 

S 



CM^"— »— ocMOCTiLTiLnLncn 
LrivovoijDvoLOLo^^-^a-ro'— 



CMC~-^^CMCMOcT>-^^CMOO 

ooc— i>-c~t--yDvoinLnLn-=rcM 



«— t— CT>Orn ::rv-UDT-Ln 

r— CTioocxJO CMroonoDC^ 

LO CM '^ 



ooo^^cM'— oiri'— Locn 

C^-LO'— ^^l""— '— '~CM LOOO 

on on »- en 



<o 



m 



o m 



^<— r^ oonvocM o 



■JD o 



on cr> 



=yc\ivn^j2<oc\s^iri oon 
r- r- on t— Lf^ >— on 



t— f— o o f- 

• • • • • 

ooovomincoLooo ^vovn 

on T- r— on ::d' on »— 



in 



C3> CTl CTv l>— O VO t— 
T- on CM CTl »- 



on ^ 00 vo 

C^ ■<- CM CM 



CM on CM 

CM UD 



c— o ^ on t— 

LTi CM CM 



en 
on 



CM r- 



CM 



CMc-vor-^ CMonono'-CM 
"jDinoooncM en on^cM 

(M '- CM 



en 



Ln 



crvc--iri'— ^=i"oncx3(X3MDmCMon 
^£it~'^cx)oo on^irO'— c^ 

•O «— CM ^O <— LO «- 



>— v-CMO'— LO>£lOLnoOC3^CM 

(XJCMt—coon coi>-ononi>- 
LTi r- »— j^ <— 1— on 









05 


•^ 














s 


•^ 03 














03 S 


(» .5^ M 


« 












03 -^ « 


« tl ?H 


<a 


03 










S 1~^ ?^ 


^ 03 a 


•^ 03 


•tJ 










+i -.r^ CS 


Q S ^3 '-^ 


S -r^ 


03 










3 -t^ "^ 


03 vS; -P S 


O 3 


S* 










S rii S 


O O S 5-^ 


S^ S 


Vl) 










V S •'t^ 




« c» 


S 






CO 




S 03 ^Q 


e 4^ 


c.> 






D 






,0 <y 


« 


-1^ 










03 03 03 


^ « 03 M 


«s 03 


<^-) 






w 


rH 


s s s 


M S vQ 


Cu 3 


S^ 


• 




O 


^^ 


<o w o 


e ?H o 


« 


o 


iX 








03 03 03 


c~^ CJ) 03 03 


03 03 




a. 




P4 


CU 


•^ -^ -^ 




•^ -^ 


« 


t/j 




o 


4-' 


'tj "« '^ 


4^ "Xj 


•^ 




crt 




CD 


o o o 


S Cl, Q 03 


03 O 


?H 


03 


en 


CO 


^ 




o 03 s ca 


Si e 


Cj 


•^ 




w 


iH 


^ y f^ 


•^ o « ^ 


o 8 


>~^ 


4^ 


cu 


M 


CU 


r^ rS^ r^ 


?s ■« ^ Ca 


Ci v«; 


•r^ 


03 


tH 


!LJ 


M 


Cu a, fi, 


c» O, Cb S 


c» a, 


^ 


Si 


43 


w 


ccl 


CB C5) c» 


-p. S «> ca 


O Q) 


Ci 


O 


m 


Pm 


rH 


-p -p> +i 


03 o H^ O 


\-^ +:> 


!n 


^-> 


H 


oo 


m 


Co Co CT) 


^ Cii Co Co 


ci CO 


^■4 


o 



E-i 

o 
a. 



s > 

K 
O 



on 

c— 
o c 

•-3 
t- 

Q. 

on 

C30 $-, 

CO 

s 

en 

t- 

i>- XI 

<u 

CM 

=«= c— 

\o > 

w o 

CO S 

M 

G CM 

« c~- 

u in -p 

o 

o 

CM 

ir- 
^ bO 

3 
<si 

CM 
t- 

en iH 
3 
•-D 

00 

t- 

oj C 

3 

>-3 

CM 

^- 
r- >, 

CO 



XJ 

00 



XI 



CO 

w 

o 

ai 

o 

CO 

w 

IH 

w 

CO 



cx)'^cT>CMOcx)Ocrioo'— ono 
oocri'Xi'X)^;=ronpnoncMCM 



LrioncT\oncM^co<30vo <— vo^^ 

l>-l>-VO-=3-.::ronCMCMCMCM'— »- 



»-cr>mcMoncx3Lncyi;3-oo«- 
oocM>x)uD>X)t-'— ■=r'— 

»- CM CM 

C3^ LTl 

::a-vo("nc^-^rMLriv£iLrioo«- 
»- on <— CM »- 

CM 

LOonLO'— CM i>-LniriLOCMcoo 

-a- O -Xi CX3 Ov) ^=t 



vX)rvj'-cMonon<Tvfvi 
CM »- CM CM 



oncooO'-LriLn-=f'— MDC~-CMxr 
r- T- og >- cvi 



<» 



OOCVI'— CM on 0O^'X)CX3>X> 
I- T- CM >— »- CM »- 



o 



'-onmo.=fcvirvJCMCMOcri 

en OO CM CM LTv VX3 



T-CMO^CXIOO^^VOCMO 

on ^ in »— -^ «— vo 



CMooi>-ocMon.=a-i>-^=roocM 



c7\ m in 



rvi on ^ cr. 



t—CTiCJ^Ir— »X)OM»— 00'~ 




03 

- s s 
« -^ « 
,« 'Ta ^c 

ca ?H ca 

to Rj Co 



10 



the most abundant diatoms are probably Stephanodisous binderanus and S. 
minutus, which together make up 20% of the estimated annual standing crop of 
algal carbon In the near surface water. In terms of carbon, other Important 
diatoms are (Table 3b) Asterionelta formosai Stephanodisous tenuis, Melosira 
istandiaa, Fragilaria avotonens-is, and S. subtit-is. In terms of cell density 
(Table 3a) the list is similar, but includes the small Stephanodisous 
hantzsohii and not Melosira istandiaa. 

Stephanodisous binderanus undergoes extreme density variations, dropping 
from its highest to its lowest values (i.e. by a factor of 1000) between June 
and August 1972. No other well distributed diatom undergoes such extreme and 
rapid variations. The August cruise is the one of lowest total diatom carbon 
density (Table 2b) and begins a period of low values for most diatom taxa. 
However, Fragilaria crotonensis, counters this trend, reaching its highest 
mean density during this month, when it constitutes over 60% of estimated 
diatom carbon and nearly 60% of total diatom cell density. 

Green Algae 

This group is the second most abundant, constituting about 20% either as 
estimated carbon or cell density (Tables 2a and 2b). Fig. 3 shows a single 
major peak of carbon density for this division in August 1972 when diatoms 
are at low densities. This peak is due to a general population increase of 
green algae, but especially to blooms of Phaaotus lentioularis , Oooystis spp., 
Staurastrum paradoxum (Table 3b), and Ulothrix suboonstriota, taxa which 
range from average to large size (Table 4) . Figure 2 shows that this peak 
in carbon density is paralleled by a similar pesak in cell density for the 
August cruise. Figure 2 also shows, however, another larger peak during June 
which has only a very minor parallel peak in carbon density (Fig. 3). This 
June peak is due to a bloom of Soenedesmus bioellularis and other small 
greens including Ulothrix sp. #1, Ankistrodesmus faloatus and Coooomyxa 
oooooides. These algae are quite small and contribute little to the total 
estimated algal carbon, despite their very large numbers. The green algae 
all seem to fit into one of two categories: those which show peak abundance 
during the June 1972 cruise and those which show peak abundance during the 
August 1972 cruise. Only one — Pediastrum duplex, which has a sharp pulse 
for the early November cruise — significantly deviates from this rule. 
Also, as a general rule, each species of greens shows a marked tendency for 
extreme population fluctuations. 

Vino flagellates 

In terms of cell density, this division constitutes a relatively minor 
portion of the lake's algae (2.4% on an annual basis — see Table 2a). How- 
ever, in terms of estimated carbon, this division is very important (13.1% 
on an annual basis — Table 2b) . This is due almost exclusively to the genus 
Peridinivm, which comprises about 81% of estimated annual dinof lagellate car- 
bon (Tables 2b and 3b). Peridinivm spp. apparently constitute over 10% of the 
lake's algal carbon (Table 3b), and is thus the; second most abundant genus 
(behind Stephanodisous) in terms of estimated carbon. 

Dinof lagellates reach greatest abundance in the May and August cruises. 
During the August cruise, this division ranks second only to greens in terms 
of estimated carbon. Abundance declines through the fall and winter to 
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TABLE 4. Summary data of phytoplankton species and categories. 
Presented are division (B=blue-green without heterocyst, Bw= 
blue-green with heterocyst, G=green, D=diatom, Cr=cryptomonad, 
Ch=chrysophyte, Dn=dinoflagellate) ; estimated carbon content in 
pgC/cell; annual mean cell and carbon density (see text for cal- 
culation method) . 











annual 


annual 






pgC/ 


mean 


mean 


species or category 


division 


cell 


cells/ml 


pgC/1 


Agmenellwn thermalis 


B 


3.4 


.43 


.0015 


Anagaena flos- aquae 


Bw 


27. 


10. 


.27 


A. sp. #1 


Bw 


18. 


.92 


.017 


A. variabilis 


Bw 


30. 


13. 


• 39 


Anaaystis ayanea 


B 


8.1 


16. 


.13 


A. ineevta 


B 


2.3 


17. 


.039 


A. thermalis 


B 


44. 


3.8 


.16 


Ankistrodesmus falaatis 


G 


12. 


13. 


.16 


A. setigerus 


G 


20. 


.88 


.017 


Asterionella formosa 


D 


60. 


72. 


4.3 


Borodinella sp. #1 


G 


21. 


1.6 


.034 


Botryooocus braunii 


G 


14. 


10. 


.14 


CoGoomyxa aooooides 


G 


1.2 


3.1 


.0035 


Coelastrum microprorum 


G 


31. 


14. 


.45 


Cosoinodisous subsalsa 


D 


350 


.77 


.27 


Cruoegenia quadrata 


G 


3.0 


.38 


.0011 


C. reotangulaj'is 


G 


4.6 


.32 


.0015 


Cryptomonas erosa 


Cr 


380 


3.4 


1.3 


Cyolotella meneghiniana 


D 


210 


.24 


.052 


Diatoma tenue 


D 


42. 


.97 


.041 


D. tenue var. elongation 


D 


60. 


19. 


1.1 


Dinobryon divergens 


Ch 


75. 


.12 


.0088 


D. soaiale 


Ch 


88. 


.31 


.028 


Eudorina elegans 


G 


78. 


4.3 


.34 


flagellate #1 


F 


18. 


180 


3.4 


flagellate #2 


F 


42. 


8.0 


.34 


Fragitaris oapuaina 


D 


55. 


11 . 


.60 


F. arotonensis 


D 


65. 


42. 


2.7 


F. intermedia 


D 


60. 


.62 


.038 


Glenodiniim and Gyrnnodinium 


spp. Dn 


96. 


13. 


1.3 


Gloeoaystis planotoniaa 


G 


13. 


54. 


.71 


G. sp. #1 


G 


44. 


2.9 


.13 


Gomphosphaeria aponina 


B 


35. 


3.1 


.11 


G. laaustris 


B 


3.8 


8.4 


.032 


G. wiohurae 


B 


7.7 


62. 


.48 


Lagerheimia ciliata 


G 


38. 


1.1 


.041 


Melosira granulata 


D 


85. 


.57 


.048 


Ml islandiaa 


D 


120 


23. 


2.8 


Nitzsohia aaioularis 


D 


27. 


1.7 


.045 


N. baoata 


D 


98. 


6.i< 


.62 
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TABLE 4 continued. 











annual 


annual 






PgC/ 


mean 


mean 


species or category 


division 


cell 


cells/ml 


UgC/1 


Nitzsohia dissipata 


D 


25. 


3.8 


.094 


N. f Hi form-is 


D 


26. 


.75 


.020 


N. hotsatioa 


D 


18. 


1.5 


.026 


N. sp. #2 


D 


250 


3.0 


.75 


Ooeystis spp. 


G 


59. 


23. 


1.4 


Osciltatoria hovnetii* 


B 


460 


.57 


.26 


0. lirnnet'toa* 


B 


71. 


15. 


1.1 


Pediastrum duplex 


G 


34. 


.61 


.021 


P. gtandulifencm 


G 


34. 


12. 


.40 


P. simplex 


G 


27. 


4.0 


.11 


Peridiniwn spp. 


Dn 


470 


15. 


7.3 


Phacotus lentioulavis 


G 


200 


11. 


2.1 


Saenedesmus biaellularis 


G 


13. 


59. 


.76 


S. quadriaauda 


G 


91. 


.71 


.065 


S. quadrioauda var. longispina 


G 


78. 


2.6 


.21 


S. quadrioauda var. maximus 


G 


250 


.82 


.20 


S. quadrioauda var. quadrispina 


G 


36. 


4.6 


.17 


Sphaerooystis sohroeteri 


G 


21. 


1.1 


.024 


Staurastrim paradoxum 


G 


1200 


1.3 


1.6 


Stephanodisous alpinus 


D 


110 


12. 


1.3 


S. hinderanus 


D 


100 


74. 


7.5 


S. hantzsohii 


D 


21. 


60. 


1.3 


S. minutus 


D 


89. 


77. 


6.9 


S. niagarae 


D 


790 


.49 


.39 


S. subsalsus 


D 


20. 


.39 


.0079 


S. subtilis 


D 


35. 


74. 


2.6 


S. tenuis 


D 


77. 


54. 


4.2 


Surirella angusta 


D 


140 


5.0 


.69 


Synedra ostenfeldii 


D 


38. 


.85 


.033 


Tabellaria fenestrata 


D 


140 


8.4 


1.2 


Tetraedron minimum 


G 


27. 


.30 


.0081 


Ulothrix sp. #1 


G 


34. 


7.8 


.27 


U. suboonstriotum 


G 


53. 


19. 


1.0 


TOTAL 




57.7"^ 


1199. 


69.2 



first two columns of numbers give respectively: pgC/filament and 

annual mean filaments/ml 
mean carbon content per cell obtained by dividing annual mean 

carbon density by annual mean cell density 
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increase again in the spring of 1973. However in terms of either carbon or 
cell density, this division displays less seasonal variation than any other 
except diatoms. 

Micro flage 1 lates 

This is a composite category of individuals which are small and difficult 
to identify and mainly includes species of greens, haptophytes, and chryso- 
phytes. This group is subdivided into categories of larger individuals 
(flagellate #2, 42 pg-C/cell) and smaller individuals (flagellate #1, 18 pg-C/ 
cell). In terms of either cell or estimated carbon density, flagellate #1 is 
substantially more abundant than flagellate #2 (see Table 4). 

This group constitutes 16% of the total annual mean cell density (Table 2a) 
and in spring samples is extremely abundant (Fig. 2). During the last cruise 
(June 1973), microf lagellates outnumber all other groups combined. When 
measured as estimated carbon, however, microf lagellates contribute only about 
5% to the total estimated algal carbon (Table 2b) and take on a role of 
substantially lower importance in all cruises. 

Btue-gveens 

Like microf lagellates, this group is composed primarily of small individ- 
uals, and therefore takes on a greater relative importance when measured in 
terms of cell density than in estimated carbon density. It contributes about 
13% to total annual average cell density but only about 5% to average carbon 
density (Tables 2a and 2b) . 

In terms of cell density, blue-green algae reach maximum abundance at the 
early November cruise. (Note that an unmeasured maximum could and probably 
does occur during the 2-month period between the late August and early November 
cruises. See Fig. 2.) This peak in early November is due mainly to a bloom 
of Gomphosphaeria wiohuvae, which composes 53% of total blue-greens for that 
cruise, and also to a bloom of Anaaystis ayanea, which composes another 23%. 
However, both of these are small (8 pg-C/cell, Table 4) and together contribute 
only 47% of the blue-green carbon estimate for this cruise. 

In terms of carbon, there is no strong peak at the early November cruise 
but rather a plateau between the July and early November cruises when mean 
estimated values range from 4.4 to 5.0 yg-C/1. This is due to biomass increase 
resulting from blooms of some heterocystaceous (nitrogen fixing) blue-greens 
during the July and August cruises, which are the only cruises such blue- 
greens are found in appreciable numbers. During the July cruise, a bloom of 
Anabaena flos-aquae contributes 25% to the total blue-green estimated carbon 
(and 54% of blue-green cell density); and, during the next cruise in August, 
the continuing bloom of A. flos-aquae is augmented by a bloom of A. vaviahilis 
which contributes 43% of the blue-green carbon (and 35% of the blue-green 
cells). On an annual basis, blue-greens with heterocysts (assumed nitrogen 
fixers) comprise 26% of total blue-green carbon or 16% of total blue-green 
cell density. 

The cruise with the highest concentration of blue-greens in terms of 
estimated carbon is the last cruise, during June 1973. Estimated blue-green 
carbon density is 12 pg-C/1, which is more than twice that of the bloom of 
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July-November 1972. This lilgh carbon concent raL ion for blue-greens is almost 
enl iroly due to a bloom of Oswil Idloria sp]). , which account for 98% of the 1.2 
M'.-C/l. Most of the contribution by Oncrf.l.l-ator'fd Is due to one species, 
(J. /AmncLica, which contributes 75% of total blue-green carbon for this crui.se. 

Osaillatoria limnetiaa is, in terms of estimated carbon, the most 
abundant blue-green on an annual basis (Table 4) . To evaluate its importance 
in terms of cell density, it is necessary to first note the ambiguity involved 
in defining the functional unit of OscvZlatovia (as well as several other 
genera, each of minor importance during IFYGL) . It is a general practice to 
report densities of this genus in terms of numbers of filaments rather than in 
terms of number of cells which compose the filaments. This is because the 
cross-walls, which form to separate cells, close slowly. Thus, it is usual for 
a filament of Osoitlatoria to contain long sections through which cytoplasm 
can freely pass. It is, however, not entirely unreasonable to define a 
partially closed cross-wall as separating two different cells. The functional 
unit would then be the partially formed cell, of which there are about 80 
per visible section of filament. This factor of 80, when multiplied by the 
average annual filament count of l4.8/ml for Osoillatovia limnetioa (Table A), 
makes this the most abundant species in the lake at 1200 (partial) cells/ml. 
This equals the combined total of all other algal cells. 

Cryptomonads 

This division is essentially represented by only one positively identified 
taxon, Cvyptomonas evosa, but certainly also contains members which are counted 
under the composite microf lagellate category discussed above. 

Cryptomonas evosa is a large species (Table 4) and thus, though found in 
small numbers, comprises 2% of total mean estimated carbon (Table 2b). It is 
apparently a spring species that reaches peak abundance during the June 1972 
cruise. It disappears after this cruise and begins a comeback after December. 

Chvysophytes 

This is another division which contains large individuals. Though all 

species are fairly common, the most numerous is Dinobryon sociate. In terms 

of estimated carbon, Matlamonas spp. are the biggest contributers, especially 

M. aipina. This division also certainly has individuals included in the 
composite microflagellate category. 

Euglenoids 

This division is represented by Phacus spp. as well as some possible 
individuals counted as microf lagellates. Phaaus spp. is a very minor 
constituent of the phytoplankton of the lakei. 

Summary of Seasonal Phytoplankton Changes 

Examination of Fig. 3 and Table 2b leads to the observation that, in 
terms of estimated carbon of major groups, the apparent annual phytoplankton 
cycle as evidenced during IFYGL can be broken up into three general time 
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periods. The first is from March through June, during which total algal 
content of the lake is maximum and when diatoms dominate the lake's algae. 
Cryptomonads, chrysophytes, euglenoids, and microflagellates also attain 
their highest abundances at this time. The second period starts in August 
and ends some time before November. During this time the green and blue-green 
algae reach their highest relative importance. The third period runs from 
December to February, and during this time total estimated algal carbon 
reaches its lowest values. Due to a decline of other types, diatoms regain 
their relative dominance. In terms of cell density, the pattern is very much 
the same (Fig. 2 and Table 2a) as for estimated carbon. 

To examine the spatial distributions of phytoplankton during IFYGL, 
spatial data are presented for all cruises, and three of those cruises will 
be discussed in detail, taken one each from the three time periods discussed 
above. The three cruises are #2 (June 1972), #4 (August 1972), and #6 (late 
November 1972) . The June cruise will be discussed in special detail to 
explain and illustrate the use of PCA in interpreting the data. 
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NEAR-SURFACE PHYTOPLANKTON SPATIAL PATTERNS 

Carbon Density PCA for Cruise 2 (12-16 June 1972) 

SLation ordination is shown in Fig. 10a. Numbers refer to station 
numbers (see Fig. 12a). Station numbers in Fig. 10a are located relative to 
the scores on the first and second principal components. Taxa ordination 
is shown in Fig. 10b. Abbreviations are given in Table 1. The first and 
second principal components are represented on the X- and Y-axes respectively. 
Taxa abbreviations on Fig. 10b are located relative to loadings on the first 
two principal components. The cross in the figures shows the origin. Vertical 
lines in Figs. 10a and 10b represent the value associated with the third 
principal component. A line upward from a name represents a positive value 
and a line downward represents a negative one. These lines are foreshortened 
by a factor of about five to give perspective to what is intended to be a 
representation of three dimensions. In interpretation, greatest importance 
is given to the first two principal components. Summary statistics are shown 
in Table 5. 

Peripheral regions in Fig. 10a were chosen to be those labeled A, B, C, 
and D. Regions A, C, and D are separated on the basis of principal components 
1 and 2. Region B is separated from region C on the basis of the third 
principal component, which is negative in C and positive in B. Region D grades 
into region C through region c. The decision where to draw boundaries and 
how many regions to define is somewhat arbitrary, but, as will be seen, basic 
conclusions will not be affected by these decisions. 

Figure 10a may be compared with Fig. 10b to Interpret the results. Taxa 
with positive loadings on the first principal component (PCI) are found to the 
right of the origin. Taxa with positive loadings on the second principal 
component (PC2) are found above the origin. Thus taxa with positive loadings 
on both PCI and PC2 are found in the upper right corner of Fig. 10b. These 
would include Melosira islandiaa, Stephanodisous binderanus, N-itzsoh-ia baaataj 
and Soenedesmus bioeZtular'is . As an example, Melosira istandiaa has a lake- 
wide average carbon density for cruise 2 of 13.4 ygC/1 (corresponding to an 
average cell density of 112 cells/ml) . Since this taxon has a positive load- 
ing on PCI (it is located to the right of the origin), it will add a positive 
contribution to the score on PCI for any station at which the density of this 
taxon is greater than 13.4 ygC/1. Conversely, if a station has a density for 
Metosira isZandioa less than 13.4 ygC/1, the contribution to its score by 
this taxon will be negative. Thus stations on the right side of Fig. 10a 
will tend to have a density of Melosira islandioa greater than 13.4 ygC/1. 
Stations on the left side of Fig. 10a will tend to have relatively (i.e. with 
respect to the mean of 13.4 PgC/l) low densities of this taxon. 

This taxon also has a high positive loading on the second principal 
component and is thus located near the top of Fig. 10b. Using the same argu- 
ments just given, it would be expected that stations located near the top of 
Fig. 10b have relatively high densities and those near the bottom relatively 
low densities of Melosira islandioa. 



All tables (7 and above) and figures (8 and above) referenced from this point 
are located at the end of this section to facilitate comparison of data. 
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TABLE 5. Summary statistics. Percent variance removed in PCA's, number of 
taxa used in PCA's, cruise dates. 



PERCENT VARIANCE REMOVED BY PCA ON ESTIMATED CARBON DENSITY 





CRUISE 


NUMBER 




12345 


6 7 8 9 10 


PCI 


23.6 22.4 26.4 25.3 31.6 


24.4 51.5 29.7 34.9 19.7 


PCI ,2 


41.6 35.6 46.0 43.3 50.4 


41.7 69.4 47.3 48.5 36.3 


PC1-3 


54.1 47.6 58.2 54.1 64.2 


54.2 81.2 61.7 58.5 49.1 



PERCENT VARIANCE REMOVED BY PCA ON % ESTIMATED CARBON DENSITY 

CRUISE NUMBER 

123456789 10 



PCI 


48.2 63.4 27.4 41.3 39.8 52.0 36.9 41.7 45.1 43.7 


PCI ,2 


84.6 77.7 45.3 68.6 57.8 65.3 61.8 65.1 73.1 64,4 


PC1-3 


90.1 86.1 58.4 85.4 71.9 75.1 75.7 77-5 83.2 77.3 



NUMBER OF SAMPLES AND TAXA IN EACH PCA 



no. of samples 33 
no. of taxa 21 







CRUISE 


NUMBER 










2 


3 


4 


5 


6 


7 


8 


9 


10 


58 


60 


59 


59 


54 


37 


33 


46 


48 


20 


14 


12 


11 


11 


11 


16 


19 


19 





CRUISE DATES 


CRUISE # 


DATE 


1 


15-19 May 1972 


2 


12-16 June 1972 


3 


10-14 July 1972 


H 


21-24 August 1972 


5 


30 October - 3 November 1972 


6 


27 November - 1 December 1972 


7 


5-9 February 1973 


8 


19-22 March 1973 


9 


24-28 April 1973 


10 


11-14 June 1973 
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Combining all these observations leads to the following general conclusion: 
If a taxon is located in one corner of Fig. 10b, it will tend to be found in 
highest density at stations in the corresponding corner of Fig. 10a, and it 
will be found in lowest densities in the opposite corner of Fig. 10a. Unfor- 
tunately, conclusions drawn about algal distribution using these generaliza- 
tions are not always correct. They must be checked against the data for 
verification. Much of the remainder of this section will deal with this veri- 
fication. 

Since Melosira islandica is located near the top of Fig. 10a, it might be 
expected that its density is highest in region (cluster) A in Fig. 10a. The 
stations at which the near-surface density of this taxon is greatest for cruise 
2 are shown in Table 6. Note that of the five stations of highest density, 
four (numbers 20, 54, 1, and 7) are in region A as expected. The fifth 
station (number 17) is not in this group, but is rather in region B. All of 
these stations are near the top right corner of Fig. 10a as expected. 

Since Melosira ■islandica is in the upper right (i.e. has positive loadings 
on PCI and PC2) of Fig. 10b, stations of low density might be expected to be 
found in the lower left (negative scores for PCI and PC2) of Fig. 10a. The 
stations to the lower left of the origin belong to regions D and C. The 
stations of lowest density are shown in Table 6 and all of these belong to 
regions D and C as expected. 

A taxon close to Melosira islandica on Fig. 10b is Stephanodisous 
binderanus. For this reason it would be expected that Stephanodiscus binderanus 
has a similar distribution to that of Melosira islandica — that is, high 
density in region A and low density in regions D and C. Table 6 shows that 
the five stations of highest density are in region A except for station 92, 
which is in region a. The five stations of lowest density are all in region 
D except for station 32 which is in region a. The trends for Stephanodisous 
binderanus are, then, similar to those of Melosira islandica but are perhaps 
slightly weaker with respect to patterns of Fig. 10a. As a general rule, 
taxa furthest from the origin in a taxon ordination plot (such as that shown 
in Fig. 10b) will display strongest patterns relative to its associated 
station ordination plot (such as in Fig. 10a). 

Figures 4a and 4b show areal distributions of these two species. Their 
patterns of distribution are similar, as expected from the PCA. Both show 
a tendency for highest densities in the northwestern part of the lake. Both 
also show high values in the eastern section and lowest values in the south- 
ern side from the Niagara River to Rochester. Correspondence is not perfect, 
but in terms of general patterns, their distributions are similar. 

A taxon whose distribution would be expected to be different is 
Stephanodiscus subtilis , which is located near the bottom of Fig. 10b. Since 
region C is in the corresponding position in Fig. 10a, it would be expected 
that Stephanodisous subtilis would be most abundant in that region. Since 
it has a positive loading on PCI and a negative loading on PC2, it would be 
expected that its lowest densities would be found at stations with negative 
scores for PCI and positive scores for PC2. Therefore lowest densities should 
be in regions D and a. 

Table 6 shows the five stations of highest density and the five of 
lowest. The stations of highest density are all in region C, as expected. 
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TABLE 6. Highest, lowest, and mean densities for selected taxa from cruise #2. 

Melos-ira -island-ioa Stephanodiscus binderanus Stevhanodisous subt-ilis 
STA # ygC/1 cells/ml STA # ygC/1 cells/ml STA # ygC/1 cells/ml 

stations of highest density 

92 322 3169 

7 276 2723 
19 272 2677 
35 255 2509 

8 252 2486 

stations of lowest density 



20 


41 


341 


17 


40 


329 


54 


38 


318 


1 


33 


277 


7 


31 


260 



69 


54 


1512 


77 


41 


1152 


79 


38 


1070 


78 


35 


980 


24 


20 


563 
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FIG. 4. Distributions of two western dominant diatoms of cruise #2. 

(a) Me'los'ira islaruiu'ci (cells/ml) (b) Stcphanodisaui; bindcranus (cells/m;_) 



21 



except for station 24, which is in region B. The stations of lowest density 
are all in region D except for station 32, which is in region a. 

The distribution of Stephanodisous subtilis is shown in Fig. 5a. Its 
highest abundance is near Pt. Petre in the northeastern part of the lake. 
On the basis of Fig. 10b it would be expected that Stephanodisous minutus 
and Stephanodisous subtilis would have similar distributions since they are 
placed close to one another on this figure. The distribution maps in Figs. 
5a and 5b verify that these two taxa do have very similar distribution 
patterns. 

As noted above, Fig. 10b suggests that Stephanodisous subtilis has a 
distribution very different from Melosiva istandica or Stephanodisous 
bindevanus. This is verified by comparing Figs. 5a and 5b with 4a and 4b. 
Stephanodisous subtilis (Fig. 5a) shows peak values where Melosiva islandioa 
and especially Stephanodisous bindevanus (Fig. 4b) show low values. 

The geographic locations of the stations in the clusters of Fig. 10a 
are shown in Fig. 12a. An important feature of this map is that clusters 
from Fig. 10a form essentially contiguous regions in the lake. This greatly 
simplifies interpretation. Region A has, as discussed above, high densities 
of Stephanodisous bindevanus and Melosiva islandioa. It is located along 
the northwestern shoreline. Region a, which on the basis of Fig. 10a is 
expected to be related to region A but with somewhat lower densities of these 
taxa, is adjacent to region A on the west side of the lake. This region, 
however, also has several of its stations near the eastern shore. There is 
a very high correspondence between the locations of these regions and the 
locations of areas of high density for Stephanodisous bindevanus and Melosiva 
islandioa in Figs. 4a and 4b, as is expected on the basis of the earlier 
discussion. 

Region C is made up of a contiguous group of stations in Fig. 12a near 
Pt. Petre in the northeastern part of the lake. Stations of region c, which 
has a similar phytoplankton composition to (but lower densities than) 
region C, are located in the eastern part of the lake. Taxa belonging to 
this region were seen to be Stephanodisous subtilis and Stephanodisous 
minutus. The maps of Figs. 5a and 5b may be compared with Fig. 12a to show 
the similarity. 

Looking back at Fig. 10b, an important general observation can be made: 
Almost all taxa have positive loadings on PCI, as evidenced by their location 
to the right of the origin. The interpretation of this pattern is that most 
taxa tend to show relatively high density at the same stations. That is, 
most taxa are positively correlated with one another. As a result of this 
pattern, it is expected that, as a general rule, stations on the left side of 
Fig. 10a should have low total algal density and stations on the right should 
have relatively higher total density. The region farthest to the left in 
Fig. 10a is region D. As discussed above, Melosiva islandioa, Stephanodisous 
bindevanus, S. subtilis, and S. minutus all have lowest densities in this 
region. Figure 12a shows that region D is located in the mid-southern part 
of the lake. KIg.s. 6a and 6b show algal density botli in terms of total 
estimated algal carbon density anti in Leriiis of c-ell density. It is seen by 
comparison of the two figures tiiat region D Is, as expected, located In a 
region of low density. 
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FIG. 5. Distribution of two eastern dominant diatoms of cruise #2. 
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Nitzschia dissipata is the only taxon of Fig. 10b which has a signifi- 
cantly negative loading on PCI. This suggests that this taxon has a distri- 
bution pattern which is in some way opposite to the general pattern of the other 
taxa. This difference is best seen at station 12. This station has both the 
lowest estimated total carbon density (23 pgC/1) and the lowest total cell 
density (392 cells/ml) and is also the leftmost station on Fig. 10a. For 
many taxa, then, (e.g. Melosii'a istandiea — Table 6) density at this station 
is the lowest or one of the lowest. Nitzschia dissipata, however, reaches 
its second highest density at this station, and primarily for this reason the 
PCA has singled it out as being quite different from the others. 

It is plainly not possible to discuss all other taxa and cruises in this 
much detail. To aid interpretation, a table of statistics for each taxon 
and region has been prepared. Table 10 shows mean carbon densities for all 
taxa of Table 1, whether used in the PCA or not. Also shown are F-statistics 
(based on an ANOVA assuming unequal sample size — see Sokal and Rohlf 1969, 
p. 208) to indicate whether differences between means are significant. 

For example, Melosira islandioa (Table 10) has highest mean density in 
regions A and B (25 and 24 ygC/1) and lowest in region D (5 ygC/1) as is 
expected on the basis of the earlier discussion. Since Table 10 shows that 
the difference between means is significant for Melosiva islandioa (F-stat 
(p<.01,df=5,12) = 8.150) it is reasonable to conclude that, on the basis of 
the ANOVA, this taxon is most abundant in regions A and B and least in region 
D. To test the significance between any pair of means, a T-test using the 
standard errors of the means can be used. However, multiple comparisions 
may not be made this way. To obtain standard errors, divide the standard 
deviation given in Table 10 by the square root of the number of samples. 

Table 10 also shows that Melosira islandioa is the third most abundant 
taxon with respect to estimated carbon (lakewide average of 13.4 pgC/l) and 
reached a maximum density of 41.1 ygC/1, 

The last entry in Table 10 is for total estimated algal carbon. It shows 
that the lakewide average estimated total carbon density is 180 ygC/1 for this 
cruise. Region A has the highest average (318 ygC/1) and region D the lowest 
(50 ygC/1). 

It is important to note that all carbon densities are estimates and 
may be in error by 50% or more. However, results of this PCA are identical 
with the results of the PCA based on cell density since estimated carbon for 
a taxon is a constant factor times cell density. That is, the grouping of 
the stations and taxa (Fig. 10a and 10b) will be the same. However, the 
ranking of the taxa will be different. For example, the eight most abundant 
taxa with respect to cell density (Table 7a) rank differently when ordered 
by average estimated carbon density (Table 7b). In both lists, Stephanodisov.s 
bindevanus is the most abundant. In terms of cell density flagellate #1 and 
Soenedesmus bioellulavis are very nearly as abundant, but in terms of 
estimated carbon, flagellate #1 is 1/5 as abundant and Soenedesmus bicellularis 
1/10 as abundant. In terms of cell density it would appear that diversity is; 
rather high and diatoms share the lake equally with other types. But in 
terms of estimated carbon, Stephanodisaus binderanus is easily the most 
abundant taxon while diatoms appear to dominate the lake flora. In terms of 
cells/ml;, diatoms constitute 48.5% (Stoermer et al. 1974) of the lake algae, 
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TABLE 7 • Ranking of the eight most abundant taxa for cruise #2 , 

(a) in terms of cell density 

(b) in terms of estimated carbon density 



Table 7a 

Rank Taxon 

1 Stephanodisaus binderanus 

2 flagellate #1 

3 Soenedesmus bisellutaris 

4 Stephanodisaus suhtitis 

5 Asterionella formosa 

6 Stephanodisaus minutus 

7 Melosira islandiaa 

8 Ankistrodesmus falaatus 



Average cells/ml 
681 
669 
548 
264 
184 
177 
112 
96 



Table 7b 

Rank Taxon 

1 Stephanodisaus binderanus 

2 Stephanodisaus minutus 

3 Melosira islandiaa 

4 flagellate #1 

5 Astevionella formosa 

6 Stephanodisaus subtilis 

7 Crytomonas erosa 

8 Saenedesmus biaellularis 



Average pg-C/1 
69 
16 
13 
12 
11 

9 

8 

7 



but in terms of estimated carbon diatoms constitute 74.4% of the algae. Thus 
the ratio of diatoms to other algae is nearly 1 to 1 in terms of cell density 
but jumps to almost 3 to 1 when measured as estimated carbon. 
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'I'o more fuJiy Investigate the relationship of the algae in terms of carbon 
density, a second PCA is performed on tlie same taxa. In this PCA, the data 
used are in terms of percent carbon. For taxon i, 

P. = C./T * 100%, 

X X 

where C is the estimated carbon density of species i, T is the total estimated 
algal carbon density, and P. the percentage carbon for species i. As in the 
previous analysis, stations are cases and taxa are variables. Unlike the 
previous analysis, however, the data are unstandardized (that is, the variance- 
covariance matrix is used). A summary of this PCA is given in Table 5. As gieen 
in this table, a higher percentage of the variance is removed in this second 
analysis. PCA performed using the variance-covariance matrix will normally 
extract a greater percentage of the variance than a similar one using the correla- 
tion matrix. This is because there are fewer variables (taxa) contributing 
substantially to the total variance. That is, species low in abundance con- 
tribute less to total variance than the most abundant species. Contrast this; 
with the previous analysis in which all species contributed equally due to the 
standardization. 

The station ordination (based on principal component scores) is shown 
in Fig. 11a and the corresponding taxa ordination (based on loadings) is shovTi 
in Fig. lib. There are three peripheral regions in Fig. 11a labeled A, B, and 
C and these respectively correspond in position with three taxa in Fig. lib: 
Stephanodisaus binderanus, flagellate #1, and Melosira islandioa. Thus it is; 
expected that Stephanodisaus binderanus is most abundant (in terms of estimated 
percent carbon) in region A, flagellate #1 most abundant in region B, and 
Melosiva istandi-aa in region C. These expectations are borne out by Table 11, 
in which mean values for each taxon in each region are given. Only one taxon, 
Stephanodisaus binderanus, has its greatest abundance in region A, where it 
averages 63% of the total estimated algal carbon. Its second highest mean is; 
in region a, and its least is in region C. Since Stephanodisaus binderanus is 
on the far left of Fig. lib, this ordering is consistent with the locations of 
regions A, a, and C in Fig. 11a: A is farthest to the left, a is next to it and 
region C is furthest away. The geographic location of region A as shown in 
Fig. 12b is along the northwest shore of the lake and corresponds closely with 
the location of region A of the previous analysis as shown in Fig. 12a. 

Table 11 shows that several taxa reach highest percent estimated carbon 
in region B. Flagellate #1 attains an average of 26% in region B and much 
lower averages in other regions. It is located at the top of Fig. lib, in a 
position corresponding with region B of Fig. 11a. The other taxa which reach 
highest abundance in region B, however, are not located near the top of Fig. 
lib. These taxa are Nitssahia dissipata^ N. aaiaulajcis, Gloeoaystis planatoniaa, 
Glenodinium spp., and Gymnodinium spp. The reason these are not located near 
the top of Fig. lib (i.e. the reason PC2 does not load heavily on these taxa) 
is that the values of percent estimated carbon for these taxa are very small. 
For example, Nitzsahia aaiaularis has, in region B, a mean of 0.6%, which is 
small in comparison with the 26% mean for flagellate #1 in the same region. 
This illustrates one important difference between this PCA and the previous 
one: in this PCA using the variance-covariance matrix, the scale is important 
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whereas in the previous one, using the correlation matrix, scale is removed by 
the standardization process. Thus, this PCA considers not only similarity in 
distribution of taxa, but also the magnitude of the values for those taxa. 

The location of region B in Fig. 12b suggests that this region corresponds 
somewhat with areas of low total algal density (see Figs. 6a and 6b). This 
is because, for this cruise, Nitssohia dissipaixi.., N. acioulavis, GZenodinium 
spp., Gymnodinium spp. , and especially flagellate #1 make up a greater propor- 
tion of the algal carbon when total algal carbon density is low. 

On the basis of Figs, lib and 11a it is expected that Melosira islandioa 
and perhaps Saenedesmus bi-oellularis and Asterionella formosa have highest 
percent estimated carbon values in region C. Table 11 shows that each of 
these taxa attain highest densities in this region. Melosira islandioa is 
located nearest the bottom of Fig. lib because its average estimated carbon in 
this region is much higher than those for the other taxa in this region. 

Another region seen in Fig. 11a is region D, which is located near the 
intersection of PCI and PC2 and is distinguished from the other regions on the 
basis of PC3. Region D is the only one whose stations have PCS values which 
are predominantly positive. Figure lib suggests that this region is dominated 
in terms of estimated percent carbon by Stephanodisous minutus and S. subtilis. 
This is verified by Table 11. No other taxa are most abundant in region D, 
although several (Table 11) are relatively abundant in region d, which is 
located in the ordination (Fig. 11a) between regions D and C. By comparing 
Fig. 12b with Fig. 12a, it is seen that region D of Fig. 12b (which is character- 
ized in terms of percent carbon by Stephanodisous minutus and S. subtilis) 
corresponds closely with region C of Fig. 12a (which is characterized in terms 
of carbon density by the same taxa) . 
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Figure 16a shows the ordination of stations for the August cruise 
resulting from the PCA based on the correlation matrix of carbon density. 
Figure 16b shoWS the corresponding taxa ordination. Five regions are identi- 
fied in Fig. 16a. Region C is represented by only one station, #60, which 
is separated from its nearest neighbor, region B, by large differences in 
each of the first three principal components. Regions E and D are close on 
the basis of the first two principal components but separated on the basis of 
the third. 

Comparison of Figs. 16a and 16b suggests that region A contains sta- 
tions with relatively high densities of Feridinivm spp., Lagevhe-m-la ai-tiata, 
Ooaystis spp., and Scenedesmus quadriaauda var. quadri spina. This is supported 
by Table 14, which gives average values for each taxon in each region. 
Figure 18a shows that the geographic locations of stations in region A are 
generally in the northeastern part of the lake. 

Region B is related to region A, as is expected on the basis of Fig. 16a. 
Region B has relatively high densities of the four taxa characterizing region 
A (Table 14). Region B also has high densities of Ankis trade smus fatoatus 
and Ulothrix subaonstriota. Other taxa abundant in this region are 
StephanodisGus subtilis and Ankistrodesmus setigerus. Densities of these 
two taxa are not, however, significantly different in the identified regions 
(Table 14). Stations belonging to region B lie in the eastern part of the 
lake at the periphery of region A. 

Region C is represented by one station, #60, which has the highest total 
carbon and total cell density of all stations for this cruise. It is charac- 
terized by very high densities of Ulothrix subaonstrieta, Ankistrodesmus 
faloatuSj, Stephana discus subtilis., and flagellate #1 (Table 14), as is 
expected. Although not indicated by Fig. 16b, the density of Phaaotus 
lentioularis is also high here. However, this region has lower densities 
than region B of the taxa listed above which characterize region A. 

Station #60 is located (Fig. 18a) near Rochester. It is of interest 
to note that the station nearest #60 in the ordination of Fig. 16a is station 
#72, which geographically is the nearest station to the east of #60 and is, 
like #60, an inshore station. The nearest inshore station to the west is #59, 
which has, on the basis of the Fig. 16a ordination, a very different community 
from that of station #60 or #72. It is reasonable to assume that the high 
densities of algae at station #60 are due to its proximity to Rochester. 
It is further reasonable to conclude that Rochester's effect on the lake 
extends primarily eastward during this cruise since stations to the east are 
more closely related to station #60 than those to the west. 

Region D (upper left of Fig. 16a) is characterized by high densities of 
Phaaotus lentioularis and, to a lesser extent, by Staurastrum paradoxum 
(Table 14) . It is closely related to region E which is characterized by very 
low algal densities (Table 14). The difference is primarily due to the high 
densities of the above named taxa, which are among the four most important 
phytoplankton in terms of estimated carbon density. Region D (the region of 
low total density) is composed of stations which are, for the most part, 
located in the northeast quadrant of the lake. Its relative, region E, is 
located near it and generally to its south (Fig. 18a). 
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In summary, the general patterns for this cruise are high densities in 
the eastern and low in the western part of the lake. The western part is 
subdivided into northern and southern parts, with Phaootus lenticulari-s and 
StauvastTum paradoxim reaching high densities in the southern part. The 
eastern half of the lake likewise has a general north-south gradient. The 
northern part is characterized by, among others, 'Pevi-di-nivm spp. The southern 
part appears to be influenced by Rochester and may be characterized by 
Ulothr-ix sub cons tviata and Ankistrodesmus falaatus. The lake at this time is 
dominated by the green algae. The most abundant taxa, in terms of lakewide 
average estimated carbon density, are Peridinium spp. (dinof lagellates) and 
Phaootus lentiaulavis (a green alga) , which constitute about 15% of the esti- 
mated carbon. These are followed by three greens — Oocystis spp., Stauvastvum 
paradoxwrij, Ulothrix suboonstviota — which constitute about 7% of the estimated 
carbon (see Table 14) . 
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Figs. 17a and 17b show the ordination of stations resulting from the 
PCA based on the variance-covariance matrix of percent estimated carbon den- 
sity. Fig. 17a has four peripheral regions — A, B, C , and D — which corres- 
pond ver}/^ closely in position with four taxa in Fig. 17b — Peridiniim spp., 
Phaootus tentioutavis , Staurastrum paradoxum, and Utothr-Lx suboonstriota (and. 
its neighbor, Stephanodisaus subtilis) . 

On the basis of these figures, it is expected that region A has high 
relative densities of Peridinium spp. This is borne out in Table 15, which 
shows the genus to compose an average 52% of estimated carbon in region A. 
Geographically, region A is composed of three near-shore stations east of 
Toronto and one near-shore station west of Rochester. Peridiniim spp. is 
also an important taxon in the PCA based on standardized estimated carbon 
density discussed above, but the geographic location of the region charac- 
terized by high absolute densities of PeTidinium spp. is different from the 
location of the region characterized by high relative densities of Peridiniim^ 
spp. (compare region A of Fig. 18a and region A of Fig, 18b). 

Region B is characterized by high relative densities of Phaootus len- 
tiaularis, which composes an average of 41% of estimated carbon in this region. 
Region B is located (Fig. 18b) very near region A in the middle western half 
of the lake. Region C, characterized by Staurastrym paradoxum (which averages 
26% of estimated carbon in this region), is located just south of region B 
along the southwestern shore. Its location and the location of region B 
correspond closely with the regions characterized by Phaootus lentioularis 
and Staurastrum paradoxum in the previously discussed PCA based on standardized 
estimated carbon (compare regions B and C of Fig. 18b with region D of Fig. 
18a). 

Region D (Figs. 17a and 18b) is characterized by high relative densities 
of Ulothrix suboonstriota (average of 14% in this region) . It is located 
just east of Rochester on the southern shore- 

The regions AB, AD, and BD contain stations with percentages which are 
intermediate between the peripheral regions. (For example, region AB con- 
tains stations with a mixture of Peridiniim spp. and Phaootus lentioularis j, 
taxa characteristic of regions A and B respectively.) The intermediate regions 
AB, AD, and BD, however have in coiranon a rather high percentage of Ooaystis 
spp. (see Table 15). The pattern of community distribution based on relative 
abundance may be summarized as being one in vjhich f loristically distinct 
regions coexist in the western half of the lake, while what appear to be mix- 
tures of Ooaystis spp. and taxa from these regions occur in the eastern half. 
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Carbon Density PCA for Cruise 6 (27 Nov. - 1 Deo. 1972) 

Algal population densities during this cruise are very low and patterns 
determined by PCA are weaker than those for either the June or August cruises. 
The ordination of stations and taxa resulting from the PCA based on the 
correlation matrix of estimated carbon density are shown in Figs. 22a and 
22b. Regions A and a are characterized by relatively high densities of 
StephanodisGus subtitisjy S. hantzsahii., flagellate #1, Glenodiniim spp., 
and Gyrrmodiniym spp., but patterns are not strong. Densities in region A 
are in general higher than in region a for these taxa (Table 18). Regions A 
and a consist of four stations in the northeast corner of the lake and one 
station (#2) in the far southwestern corner (Fig. 24a). As can be seen in 
Fig. 22a, the placement of station #2 with region a is somewhat arbitrary. 
Its association with the stations in this region results primarily from its 
extremely high (for this cruise) density of Phacotus tentiautaris . 

Region D (Fig. 22a) contains stations of relatively high density of 
Stephanodisous alpinuSj flagellate #2, and Peridiniim spp. Stations belonging 
to this region are located generally in the northwestern part of the lake. 

Regions B and C are similar to one another (Fig. 22a) and both have 
very low algal populations. Regions A and B are similar (Fig. 22a) and most 
stations belonging to region B are geographically located near region A 
stations in the eastern part of the lake (Fig. 24a). Regions C and D are 
similar (Fig. 22a) and stations belonging to region C are geographically 
located near those of region D in the western half of the lake. No specific 
differences between regions B and C can be determined from Table 18, however. 

In summary, the lake during this cruise basically appears to have two 
different communities: Stephanodisous subtilis, S. hantzsahii, flagellate #1, 
Gtenodiniim spp., and Gymnodinium spp. in the northeastern corner of the lake 
and Stephanodisous alpinus, flagellate #2, and Peridiniim spp. in the north- 
western side. These two communities grade into one another through the 
central parts of the lake. Note that the two taxa with highest carbon densities 
Staurastrum paradoxum and Asterionella formosa, are not used in the PCA 
because the small number of individuals representing these taxa do not provide 
sufficient accuracy. Neither of these taxa belong to either community, but 
this may be due to their low accuracies. 
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The PCA performed on the variance-covarlance matrix of percent estimated 
carbon density results In the ordinations given In Figs. 23a and 23b. As Is 
evident In Fig. 23b, clustering is quite poor. (This is primarily due to the 
exclusion of the two taxa with highest carbon densities, Staurastnan paradoxuin 
and Astevionella formosa, because of their low cell counts.) Most of the 
grouping in Fig. 23a is based on the first principal component. 

Region A (Fig. 23a) consists of stations with high percentage of 
Fev-id-in-iian spp. (21% In this region — see Table 19), and region a has high 
but somewhat lower values for this genus. These regions are located in the 
western part of the lake (Fig. 24b). Region B has high percentages of 
GlenodiniiMn spp. and Gymnodi-n-ivon spp. and a tendancy for high percentages of 
Phaaotus lenticutaris . This region and region b, which is similar to it, is 
composed of stations which are for the most part In the south-central section 
of the lake. Region C consists of stations at which none of the taxa used 
in the PCA occurs in such large percentages as to largely exclude others, as 
is somewhat the case in regions A and B. 
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Results of PCA for all Cruises and SiAmmary of Patterns 

For each cruise, the following are presented: 

Ordination plot of stations based on scores from PCA based on correlation 
matrix of estimated carbon density (equivalent to a PCA on cell 
density) and its associated ordination plot of taxa, 

map showing locations of regions determined from PCA, 

table giving for each taxon and for the total of all algae: the estimated 
carbon density's grand mean and maximum, the mean and standard devia- 
tion for each region, F-stat based on an ANOVA assuming unequal 
sample sizes (Sokal and Rohlf, 1969, p. 208) and calculated degrees 
of freedom. The ANOVA tests the null hypothesis that the means of 
all regions are equal. 

Ordination plot of stations based on scores from PCA based on variance- 
covariance matrix of estimated percent carbon density and its 
associated ordination plot of taxa, 

map showing locations of regions determined from PCA, 

table giving for each taxon and for the total of all algae: the grand 
mean percent estimated carbon density and maximum, the mean and 
standard deviation for each region, F-stat based on an ANOVA 
assuming unequal sample sizes (Sokal and Rohlf, 1969, p. 208) and 
calculated degrees of freedom. The ANOVA tests the null hypothesis 
that the means of all regions are equal. 

Listing of the six taxa most abundant with respect to estimated carbon 
density, expressed as a percent which is calculated as (mean 
density for taxon) /(mean total density) *100%, 

listing of the six taxa most abundant with respect to percent estimated 
carbon density, expressed as mean percentage of all stations. 

Summary of patterns from PCA based on correlation matrix of estimated 
carbon density (equivalent to PCA on correlation matrix of cell 
density). Generally, only taxa which, between regions, show differ- 
ences which are statistically significant are discussed. These 
taxa are not necessarily the most abundant ones. Taxa said to 
characterize a region may not be the taxa most abundant at that sta- 
tion. The term "high," when used in connection with a taxon' s 
density, means high with respect to that taxon' s average. 

Summary patterns from PCA based on variance-covariance matrix of percent 
estimated carbon density. Generally, only taxa which, between 
regions, show differences which are statistically significant are 
discussed. These taxa are, with few exceptions, the most abundant 
ill Lernis of i)erci'iU t'sliiuatcd carhon. 

In general, capital letters refer to regions with more exaggerated cliaracteristics 
than regions referred to by small letters. 
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Explaination of Tables 8-27: 

Tliesf L;)l)les provide descriptive staLisLical InEormatlon alsout taxa relative 
Lo principal coiii|)oncnl analyses. On llieni are j'.iven: 

t lie i-i'ii i iw i/iil.i' (np|)i'r lelL corni'r) 

ttie (jvand mean and maximum value for each taxon. E.g. Ankistrodesmus 
fataatus has a grand mean estimated carbon density of 0.458 ugC/1 
and a maximum of 3.755 PgC/1 for cruise #1 (see Table 8). 

the region tables and number of stations in each. E.g. region A has 
three stations according to Table 8. 

the mean value and standard deviation for each taxon in each region. 
E.g. Table 8 shows that in region A (as defined by Fig. 9a) 
Ankistrodesmus falaatus has an estimated mean carbon density of 
0.535 MgC/1. Table 9 shows that in region C (of Fig. 9b) 
Ankistrodesmus falaatus has a mean percentage (defined as the sum 
of the percentages divided by the number of stations) of 0.207 and 
a standard deviation of 0.158. 

the F-statistiOj, degrees of freedom, and significance for each taxon. 
The F-statistlc is based on an ANOVA testing the hypothesis that 
the region means are equal. The ANOVA assumes unequal sample sizes 
(Sokal and Rohlf, 1969, p. 208). A single asterisk indicates 
significance at the 5% level, and a double asterisk indicates 
significance at the 1% level. In Table 8, Ankistrodesmus falcatus 
shows an F-statistlc of 19.779 with estimated degrees of freedom 
of 4 (numerator) and 8.5 (denominator). The double asterisk 
indicates that the hypothesis of equal means is rejected at the 
1% level. 
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CRUISE 1 15-19 MAY 1972 



Most abundant taxa on the basis 
of estimated carbon density 

Stephanodisous b-inderanus 30 % 

Fev'id'in-iim spp. 19 

Stephanodisaus minutus 6.5 

flagellate #1 6.5 

Metos'Lra island'loa 6.4 

Asterionella formosa 4.8 



Most abundant taxa on the basis 
of estimated percent carbon 



Stephanodiscus binderanus 
Per-idi-nium spp. 
Stephanodisaus minutus 
Melosira islandioa 
flagellate #1 
Saenedesmus bieeZZuZavis 



19 

13 

11 
8.9 
6.8 
5.3 



% 



mean total estimated carbon density = 165 yg-C/1 



Summary of patterns based on estimated carbon density 
(Figs. 7a, 7b, 9a, 37; Table 8) 

Region A dominated by Stephanodisaus binderanus (over 50% of estimated 

carbon); located on SE shore; Stephanodiscus minutus also peaks 
in this region; highest estimated carbon of all regions 

Region B high densities of Peridinium spp., Ankistrodesmus falaatuSj 
flagellate #1; stations located in NE and south-central shore; 
very high estimated carbon density 

Region C high density of flagellate #1; includes stations with high 

densities of some diatoms (e.g. MeZosira isZandiaa, Nitzschia 
bacata, Nitzsahia sp. #2); located in north 

Region D low total density, but high densities of Nitzsahia dissipata, 

Stephanodisaus minutus, and at some stations SwciveZZa angusta; 
located in west central part 

Region E low densities of most taxa; located in east central part and 
near Niagara River 

Summary of patterns based on percent estimated carbon 
(Figs. 8a, 8b, 9b; .Table 9) 

Region A dominated by high percentage of Stephanodisaus binderanus; 
high percentage for Nitzsahia aaiauZaj'is; located along SE 
shore (see region A above) 

Region a somewhat lower percentages of taxa of region A, plus high 

percentage of flagellate #1 at most stations; located along 
northern shore 

Region B dominated by Peridinium spp.; located in NE and SW (see region 
B above) 

Region C mixture of taxa (e.g. Stephanodisaus minutus, Saenedesmus 

hiaeZZuZavis , StephcjJLodisaur, hantzsc^hii, SurircZla amjusLa) 
located in mid-lake area 

Region c like region C with some characteristics of region A; high per- 
centage of MeZosira isZandiaa 
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Hamilton 




Hamilton 



FIG. 9. Geographic location of regions determined by PGA of cruise #1. 

(a) regions based on PGA of estimated carbon density. See Fig. 7 and Table 8. 

(b) regions based on PGA of estimated % carbon density. See Fig. 8 and Table 9, 
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TABLE 8. Mean values of estimated taxa carbon density by 
regions determined in PCA of cruise #1. See Figs. 7, 9a. 



15-19 May 72 
Anttistrodesmus f a lea t us 

Ankiatrodesiaus si^tigerus 

Aster ionel la iormosa 

Crypt otn on as erosa 

(Jlenodinium, Gymnodiniuni spp. 

Diatoma tenue var. elonqatutn 

flaqellate #1 

flagellate »2 

Gloeocystis planctonica 

Laqecheimia ciliata 

HeloRira island ica 

Nitzschia acicularis 

Nitzschia bacata 

Nitzschia dissipata 

Nitzschia sp. #2 

Oocyst! s spp. 

Oscillator Id boriietii 

Oscillator ia limnetica 

Phacotus lenticular! s 

Peridiniam spp. 

Scenedesmus bicellularis 

S. quadri Cauda var. quadrispina 

Staurastrum pdcadoxuin 

Steplianodiscus alpinus 

Stepha nodi 3c us binderanus 

Stephanodiscus hantzschii 

Stephanodiscus minutus 

Stephaiio'li f^cus subtilis 

Stephanoiliscus tenuis 

Surirella anqusta 

Synedra ostt-nfeLdii 

lUotlii: I X .'■;uhct)!ist.[ icta 

total -tl'jriii C'lMjon 



Grand 


A 


B 


C 


D 


t 


F-stat 


33 


3 


1 


8 


3 


15 




.U58 


.535 


1.661 


.333 


.060 


.268 


19,779 *' 


3.755 


.083 


1.706 


.237 


.030 


.115 


8.5,1 


.000 














.000 














7.858 


17.101 


9.132 


11.696 


3.857 


1.313 


6.715 


21.272 


6.831 


10.053 


5.173 


. 381 


3.1C1 


7,7,1 


2.96C 


3 . 20 3 


7.006 


2.102 


1 .868 


2.319 


1.712 


11.20 9 


2.887 


3.092 


1.911 


2.01 6 


1 .877 


6. 1,1 


3.377 


1.172 


1.367 


1.791 


2. 112 


2.985 


2,318 


R.63l( 


1. 159 


2.115 


1.810 


3.710 


2.126 


7,0,1 


.838 


3.2 8" 


.198 


1.80 6 


.000 


.091 


2, 372 


7.972 


1.169 


.391 


1.967 


.000 


.166 


8.5,3 


10. 688 


11.920 


23.887 


20.783 


2.271 


3.121 


9.115 ♦ 


39.882 


1.717 


8.561 


12.233 


1.367 


1.291 


6.0,1 


.SIS 


1.586 


.719 


.639 


1.762 


.875 


. 397 


3.61 3 


1.6B1 


1.011 


.70 3 


1.720 


1.093 


6,3,1 


.1)56 


2.1 11 


.998 


. 126 


.000 


.218 


1. 130 


3.909 
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1.923 


.235 


.000 


.659 


9.1,1 


.000 














.OOr 














10.60 2 


9.3 68 


5.919 


20.2 76 


8.111 


7.189 


2.597 


111.056 


3.389 


3.010 


10.709 
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6.223 


a . 7 , 11 
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.613 


.128 


' . 121 


.OCO 
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2.922 


.965 
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.219 


. 103 


.000 


.082 


9.0,3 


1.361) 


2.182 
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, 3.101 


.818 


.136 
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7.365 
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.151 
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.738 


.336 


5.9,1 
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.317 


.052 


.319 


. 885 


.250 


50.822 *• 


. 9B9 


.080 


.000 


. 181 
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6.6,1 


.99" 


.319 
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1.017 
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2.507 


5.235 
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1.552 


1 .017 
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.0 00 
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.0 28 
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.678 
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.772 
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1.06 3 
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22.285 
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31.531 
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9. 36 9 
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7. 7,1 
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2.302 


.3 23 
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17.005 


21.006 
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.323 


.10 1 


7.0,1 


1.656 


1. 328 
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1.839 
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1.185 
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1.295 
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.113 


. 867 
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.000 


,551 
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.790 
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16.6,1 
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. 207 
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12 8.115 
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TAiM.E 9. Mean values of estimated taxa % carbon density by 
regions determined in PCA of cruise #1, See Figs. 8, 9b. 



15-19 Hay 72 
Aiik.istiotlo:^?mu:; f aicat us 

Asterionella focaos=» 

CryptOBonas ccosa 

GlenodiniiiB, Gym nodi niuw spp 

Diatoma tf'iiue wac. oloTiqatu 

flagellat*? #1 

flaqollatu »2 

c;loeocystis planctonica 

Lagerhpiiaia cilia t a 

Melosira island ica 

Nitzschia acicularis 

Nitzschia bacata 

Nitxschia disKipata 

NitZ5iChia sp. »2 

c^ocysti:; spp. 

Oscillat oria bornctii 

Oscillator la limiie*-ica 

Phacotui; l»nticularis 

Peridiiiiu m spp. 

Scenedesmus bicellularis 

S. quadri Cauda var. i4uadrisj:ina 

Staurastruw paradoxum 

Stephanodiscus alpinus 

Stephanodiscus binderanus 

5 tepharod isrus hantzschi i 

S tt'pliaiiod Incus m Lnut ii;i 

Stephatiodiscus subtili;: 

Stpphanod ii^cus t.?nui.'^: 

Surirella angusti 

Synedra o;:;tonft?ldii 

tllothri K subconstrrict 1 

total algal carbon 





(iratid 
J3 


A 
6 


a 
7 


B 

5 


C 
11 


c 
11 


r-stat 




.277 
1.0142 


.293 
.3 50 


. 177 
.127 


.671 
.757 


.207 
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.131 
.136 


.738 
10.6,4 




.OOC 
.000 
















1C.001 


a. 881 
1.1495 
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2.260 
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.260 
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9 . 8 7 14 
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.1437 


3.836 
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1. 197 
1.09C 


11.731 
2.392 


4.066 
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10.6,4 




11. 137 

27. 1 16 


5. It 79 
1.722 


U. 360 
1.611 


.728 
.3117 


21.718 
3.772 


15.398 
3.032 


100.507 »» 
10.5,4 




3 . 9 7 11 
12. 140C 


11.660 
3. 363 


3.101 
3.6142 


2.071 
1.732 


5.6311 
11. 131 


2.287 
1.012 


2. 135 
13.0,4 
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3.1437 
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.1470 
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.271 
.408 


3.278 
10.6,4 
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82.5C9 
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CRUISE 2 12-16 JUNE 1972 



Most abundant taxa on the basis 
of estimated carbon density 



Stephanodisaus binderanus 38 % 
Stephanodiscus minutus 8.6 

Melosi-va island-ica 7.5 

flagellate #1 6.8 

Asterionella fovmosa 6.1 

Stephanodisaus subtilis 5.2 

mean total estimated carbon density = 180 pg-C/l 



Most abundant taxa on the basis 
of estimated percent carbon 

Stephanodisaus binderanus 29 % 

Stephanodisaus minutus 11 

Melosira islandioa 9.3 

flagellate #1 8.7 

Asterionella fovmosa 6.9 

Soenedesmus biaeltutaris 5.9 



Summary of patterns based on estimated carbon density 
(Figs. 10a, 10b, 12a, 38; Table 10) 



Regions A and a 



Region B 



Regions C and c 



Region D 



dominated by Stephanodiscus binderanus; high density of 
Melosira islandiaa and low of flagellate #2; stronger 
pattern in region A than region a; region A located mainly 
along NW shoreline and region a is adjacent to it 

similar to region A and close to it geographically; high 
densities of Stephanodiscus binderanus^ Melosira islandioa, 
Asterionella formosa, Synedra ostenfeldii, and flagellate #1 

high densities of Stephanodiscus minutus, Stephanodisaus 
subtilis, flagellate #1, Cryptomonas erosa; densities 
higher in region C; located in NE mainly 

low algal densities; located in south central part of lake 



Summary of patterns based on percent estimated carbon 
(Figs. 11a, lib, 12b; Table 11) 

dominated by high percentages of Stephanodisaus binderanus; 
located along NW shore and in east 



Regions A and a 
Region B 



Regions C and c 
Regions D and d 



high percentage of flagellate #1 and also Glenodinium spp. , 
Gymnodinium spp., Nitzsahia a.aiaularis, N. dissipata, Gloeoaystis 
planatoniaa; stations scattered mainly along southern shore 

high percentage of Melosira islandioa, Soenedesmus biaeltularis, 
Asterionella formosa; located in west central part of lake 

high percentages of Stephanodisaus minutus and S. subtilis; 
region d also high in Soenedesmus biaellularis and Asterionella 
formosa; located in eastern half 
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Hamilton 




Hamilton 



FIG. 12. Geographic location of regions determined by PGA of cruise #2. 

(a) regions based on PGA of estimated carbon density. See Fig. 10 and Table 10. 

(b) regions based on PCA of estimated % carbon density. See Fig. 11 and Table 11. 
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TABLE 10. Mean values of estimated taxa carbon density by 
regions determined in PCA of cruise #2. See Figs. 10, 12a. 



12-16 Jun 72 
A nk is t rode SB us f a lea t us 

Ankistrodesiuus setiqerus 

Astecionylla formosa 

Cryptomonas erosa 

Gletiodiniua, Gymnodinium spp, 

Diatoma tenue var. elonqatum 

flaqella*:e #1 

flaqellate #2 

Gloeocyst. i;5 planctonica 

I.aqerheirai-i ciliata 

Melosira i.slandica 

Nitznchia acicaliris 

Nitzsciiid bacata 

Nitzschia dissipata 

Nitzschia sp. #2 

Oocyst is spp. 

Oscillatoria bornetii 

Osciliatoria limnetica 

Phacotus lenticularis 

Peridinium spp. 

ScenedGsmus bicellularis 

-S . quadcicauda var, quadr ispiiia 

Staurastrum paradoxum' 

Steplianodi scus a 1 pin u^ 

Stophanodiscus binderaniu: 

Stephanodiscus hantzschii 

Stephanodiscus rainutus 

Stephanodisciis subtiiir> 

Stpphanodi acuii t oiuii ::i 

j;iir luelia aiiiiii:.;! \ 

Synedra or.tfnf t'lilii 
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'I'Alil.E 11. Mean values of estimated taxa % carbon density by regions 
determined in PCA of cruise #2. See Figs. 11, 12b. 



nrand A 

12-16 Jun 72 58 9 



Anklstroilcauus fijcatun .Til .bHB .715 1.7B0 .1407 .f,7,i . 4 )q .(U5 1.«(.5 

it.HM .H2S .695 1.6(.l| .212 ..^M .1H7 .11.11 17.2,6 

Ankistrodesnut* rtetlqetU;"! .OOC 

.000 

Astorlon«lla fornosa 6.915 3. HSU B.368 3. I'M) 11.591* 9.9UK U.539 10.365 5.1(99 »• 

21.211 1.399 5.302 2.0HI H.7143 3.876 2.125 5.716 If. 5, 6 

CEYptotonas urosa 9.263 .999 5.669 1C.922 .663 1.363 It.93B 1.599 3.798 » 

36.195 1.072 5.9S9 11.597 1.325 1.618 3.336 2.989 17.6,6 

GlenodlniuD, Gyianoainiuu spp. 1.209 .238 .6Ult 2.719 1.962 1.019 1.109 2.517 5.696 *» 

10.615 .209 .397 3.389 .851 .799 .596 2.507 15.8,6 

Diatona tenue var. elonqatm 1.292 .600 2.515 .629 .078 .259 2.159 1.009 2.850 

9.709 1.080 3.189 .617 .156 .952 3.029 2.255 19.8,6 

flagellate II 8.713 1.986 7.317 26.169 9.678 5.629 7.798 7.809 19.003 *» 

93.027 .817 6.556 12.783 1.789 2.708 2.396 1.995 16.6,6 

flagellate 12 .596 .056 .305 .8«fc .909 .178 .316 3.380 8.859 •» 

19.816 .055 .258 .393 .501 .207 .157 6.909 15.7,6 

Gloeocystis planctonica .718 .691 .958 1.021 .000 .685 .735 .160 3.737 »» 

3.197 .707 .988 .596 .000 .973 .755 .221 29.1,5 

Laqecheimia ciliata .000 

.000 

Belosira islandica 9.331 7.055 7.232 3.975 35.090 13.373 9.999 9.911 8.099 »« 

99.099 2.856 5.297 5.059 9.963 9.301 3.021 6.601 16.6,6 

Nitzschia acicularls .209 .109 .190 .558 .071 .355 .077 .011 9.282 ♦• 

.988 .055 .158 .395 .192 .210 .155 .026 18.0,6 

Nitzschia liacatd .737 .929 .677 .738 .238 1.003 .709 .589 1.078 

2.529 .959 . .517 .689 .977 .619 .736 1.099 17.0,6 

Nitzschia liissipata .126 .039 .080 .339 .210 .065 .038 .281 6.529 »» 

1.835 .039 .083 .627 .099 .099 .051 .377 17.0,6 

Nitzschia sp. 12 .366 .388 .391 .117 .631 .536 .110 .629 1.782 

2.589 .911 .378 .227 .797 .712 .173 1.122 16.3,6 

Oocystis spp. .132 .081 .035 .276 .000 .070 .906 .000 1.119 

2.169 .105 .093 .322 .000 .193 .696 .000 35.7,9 

Oscillatoria bornetii .155 .125 .311 .000 .000 .236 .198 .000 .369 

1.559 .232 .925 .000 .000 .597 .337 .000 57.5,3 

Oscillatoria linnetica 1.783 1.191 1.989 1.695 .836 3.956 2.998 .768 3.687 * 

7.063 .796 1.969 2.228 1.2C6 2.258 1 . 788 .969 18.1,6 

Phacotus lenticularis .000 

.0^0 

Poridinium spp. 2.077 .966 2.609 1.276 .786 1.652 2.583 5.989 1.81C 

15.203 1.031 9.121 1.090 1.572 1.697 9,668 9.220 17.2,6 

Scenede.smis liicellulacia 5.859 1.228 3.281 1.501 19.970 6.019 5,507 18.791 10.052 »« 

29.886 2.088 2.279 1.021 5.582 3.027 1.989 8.851 16.9,6 

S. quadricauda vie. quadrispina .000 

.000 

Staurastrum paradoxum .000 

.000 

Stephanodiscus alpinus .020 .027 .011 .028 .000 .000 .056 .000 .920 

.230 .062 .030 .C8C .000 .000 .090 .000 96.7,3 

Stephanodiscus binderaiius 28.696 63.225 92.933 21.192 .665 23.065 8.252 3.577 171.738 ** 

''2.070 7.597 5.761 10.525 1.331 6.163 3.691 3.129 20.0,6 

?tephanodtscus hantzschii .993 .315 .911 .225 .655 .396 .326 .915 3.219 * 

1.78C .213 .265 .205 .912 .293 .390 .597 16.6,6 

Stephanodi.-.cun uinutus 10.699 1.931 9.663 5.986 15.398 12.963 23.766 19.326 30.998 •* 

30.973 .900 1.307 7.891 9.229 3.180 6.172 5.291 15.7,6 

Stephanodiscus sulitilis 5.369 1.161 3.189 3.952 3.996 5.996 12.830 6.939 7.126 •• 

18.671 .981 1.619 2.359 1.507 2.217 9.622 2.909 16.8,6 

Stephanodiscus tenuis .811 .391 .512 .998 1.572 1.919 .700 1.679 2.813 * 

3.286 .230 .579 .385 .710 1.200 .999 1.525 16.3,6 

Surirella anqusta .090 .026 .029 .000 .COO .000 .100 .327 .393 

.931 .059 .573 .000 .000 .000 .000 .955 59.2,2 

Synedra o.-^tenfeldii .057 .099 .095 .030 .000 .095 .023 .093 1.397 

.395 .060 .126 .061 .000 .066 .036 .095 25.3,5 

Olothrix subconstiicta ."^96 .009 .032 .199 .000 .068 .000 .aOO .372 

1.991 .027 .101 .505 .000 .192 .000 .000 97.1,3 

total alqal carbon 179.999 395.760 203.530 13L.869 93.712 152.599 176.713 98.979 30.626 

996.993 79.280 72.016 93.578 12.118 70.909 72.311 28.385 2". 9, 6 
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CRUISE 3 10-14 JULY 1972 



Most abundant taxa on the basis 
of estimated carbon density 

Stephanodisaus subt-itis 13 % 

Diatoma tenue var. etongatim 12 

StephanodisGus minutus 10 

flagellate #1 10 

Peridin-iym spp . 8.4 

Stephanodisous b-indevanus 6.2 

mean total estimated carbon density = 50 y.g-C/l 



Most abundant taxa on the basis 
of estimated percent carbon 

D-iatoma tenue var. elongation 12 % 

flagellate #1 12 

Stephanodisous subtilis 11 
Stephanodisous minutus 9 . 3 

Glenodinium, Gynmodinium spp. 9.3 
Pevidinium spp . 8.6 



Summary of patterns based on estimated carbon density 
(Figs. 13a, 13b, 15a, 39; Table 12) 

This cruise is characterized by low density at all stations except two (#14, 
#75) where densities are extremely high. These two stations dominate the pattern 
(see Fig. 15a) . 



Region A 



Region B 



Region AB 



Region C and c 



consists of one station with extremely high total density 
(#75 in east-central) dominated by diatoms: Stephanodisous 
subtilis, Diatoma tenue var. elongatum, S. binderanus, S. 
minutus, Astevionella fovmosa 

one station with highest density in lake (#14 near Niagara 
River); high densities of Gloeocystis planotonica, 
Stephanodisous subtilis, flagellate #1 

two stations off Toronto somewhat similar to both regions 
A and B but with lower densities 

low total density, lowest in region C 



Summary of patterns based on percent estimated carbon 
(Figs, 14a, 14b, 15b; Table 13) 



Region A and a 
Region B 

Region C 
Region D 
Region E 



dominated by high percentages of Stephanodisous subtilis; 
stations scattered but mainly in SW 

dominated by Glenodinium spp., Gymnodinium spp., and 
flagellate #1; stations in three inshore locations around 
lake 

dominated by Peridinium spp.; most stations in central 
part of lake 

dominated by Stephanodisous minutus; high percentage of 
Stephanodisous hantzsohii; located on periphery of region C 

mix of other taxa; most stations in east 
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FIG. 15. Geographic location of regions determined by PCA of cruise #3. 

(a) regions based on PCA of estimated carbon density. See Fig. 13 and Table 12. 

(b) regions based on PCA of estimated % carbon density. See Fig. 14 and Table 13. 
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TABLE 12. Mean values of estimated taxa carbon density by 
regions determined in PCA of cruise #3. See Figs. 13, 15a. 
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Granii ^ Ab 1) 
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.165 .000 
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TABLE 13. Mean values of estimated taxa % carbon density by 
regions determined in PCA of cruise #4. See Figs. 14, 15b. 



Grand A a B c D E F-stat 

10-1U Jul 72 60 7 11 8 16 6 12 

Ankistrodiisuas falcatus .7U5 2.102 1.522 .371). .319 .112 .372 3.K9e» 

6.923 2.538 1.227 .55« .583 .199 . 56U 22.1,5 

ADkistrodes«us setinerus .032 .000 .0211 .2U .OOC .000 .000 .151 

l.bSH .COO .0614 .595 .000 .000 .000 83.0,1 

ftsterionella fOrnosa 2.536 2.212 2.051 2.372 2.69U lt.ll89 2.100 .922 

IS. 1*37 3.360 2. 167 3.U81 14.571 2.316 2.386 21.2,5 

CryptOBonas erosa .OOC 

,000 

Glenodinium, Gymnodiniun spe. 9.259 2.979 5.570 27.635 8.967 2.210 7.968 7.026 »* 

56.823 14.911 i4.910 17.957 5.959 2.008 3.985 22.1,5 

Diatoma tenue vac. elonqatun 12.1400 12.1439 12.061 9.969 10.665 14.61414 15.1198 .683 

35.3140 7.057 13.611 8.920 7.516 11.520 7.271 20.14,5 

tlaqpllaff «1 11.976 6.652 6.070 28.3119 13.002 3.999 12.200 8.6"3 *• 

115.063 5.222 1.725 13.1407 7.266 2.2714 7.3143 22.5,5 

flaqellate 12 .000 

.000 

Gloeocysti.s planctonica 5. 001 14.770 6.302 2.23U 14.039 .726 9.209 3.926 • 

38.S8U 5.591 11.511 11.2111 14.001 .7146 11.236 21.5,5 

LaqfirhPimia ciliata .083 .000 . 16U .OOC .081 .000 .155 .106 

1.637 .COO .281 .OOC .325 .000 .1471 96.14,2 

nelosira islandica .72U .fii^n .1131 .lUS 1.169 1.966 .117 1.906 

8. 020 1.133 .7147 .1105 2.1459 2.128 .285 19.3,5 

Nitzachia aclcnljris .107 .211 .2411 .OOC .0143 .136 .065 1.a22 

1.022 .220 .325 .OOC .082 .299 .387 23.6,11 

Nitzschia l>ac;ata .1)6 .100 .057 .OOC .252 .372 .0148 .904 

1.737 .1141 .13C .too .506 .1480 .167 27.0,14 

k'itzschia dissipata .07C .025 .086 .OOC .108 .086 .072 .557 

1.327 .066 .117 .OOC .330 .1311 .167 29.6,11 

Mitzschia sp. »2 ."39 .COC .000 .OOC .OPO .136 .129 .000 

1.5142 .00" .000 .UOC .COC .332 .445 153.8,1 

Oocystis spp. .3V .403 .193 .276 .288 .000 .-574 .402 

3.865 .708 .380 .781 .972 .000 .863 29.7,4 

Oscillatocia bornetii 1.644 .081 .000 .53C 1.892 .717 4.936 .953 

42.592 .215 .00? 1.498 5.175 1.757 12.037 23.9,4 

Oscillatoria limietica 5.471 2.119 6.395 7.169 4.CC5 7.840 6.217 2.063 
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PhacotuK li;n*:icularL3 .244 .000 .919 .000 .000 .000 .377 .193 

4.511' .OCO 1.689 .001, .ceo .OCC .693 152.2,1 

Pi-ridiniiim npp. E.63= 3.C20 2.254 5.B55 21.896 7.097 2.703 8.429 «» 

46.51P 2.831 6.141 1C.477 11.089 5.364 3.303 21.1,5 

3c<inedo-,nus hici>llulari5! .104 .005 .173 .271 .127 .000 .009 1.188 

1.705 .^:2 .511 .536 .274 .000 .032 31.2,4 

S. quadricauda var. -juadrispi it 1 -C6U .311 .036 .000 .079 .000 .000 .107 

2.176 .823 .119 .000 .316 .000 .000 54.9,2 

StaurastEuiB paradoxuni .OOC 

.OOC 

Stephanodiscus alpii-us .100 .000 .011 .282 .CCO .OCO .301 .4'=5 

2.812 .000 .038 .797 .000 .000 .823 50.1,2 

Stephanodiaciis bindejranus 5.434 6.833 6.625 2.201 3.862 2.723 9.135 1.717 

43.351 7.049 5.822 2.503 4.163 4.778 12.155 20.7,5 

StephanodiscuE hantzschii 1.573 .468 1.576 1.419 1.531 4.537 .393 9.592 •• 

8.986 .423 2.553 1.511 1.363 1.381 1.177 21.3,5 

Stephanodlscus minutu!; 9,284 8,869 6.204 2.325 10.369 32.319 4,925 10.370 ** 

54,902 4.426 3,079 1,528 8,701 13.505 3.080 20.6,5 

Stephanodlscus subtllis 10.66C 37.595 20.704 1.293 2.803 5.931 4.326 38,996 *• 

50,368 0,243 6,665 1,223 2,476 4,450 4.736 20.0,5 

Stephanodlscus tanuls 1,432 1.749 3.962 ,000 ,768 2,110 .432 2.473 

12.29C 2,531 3.407 ,0CC 1.156 3.296 .805 23,9,4 

Surir<5lla anqusta ,042 .069 .000 .000 .000 ,258 .040 .148 

1.5nf. .184 ,00C .OOC .000 .631 ,138 39.6,2 

Synedra ostonfelili .f>16 ."07 .019 .046 .014 ,018 ,000 .239 

. 17C ,018 .063 ,1il ,038 .044 ,00" 25.2,4 

ulothrii 3iibi;onstricta 1.144 .91"' 1.0^15 ,704 ,912 .940 1.255 .304 

ri, Un 1.719 2.710 1.992 1,392 1.69b 2.479 20.8,5 

total alqal carbon 49.751 (-b.ill 70.061 17,493 48,040 50,949 44.663 11.094 

176.949 4'1.675 44,356 5.';55 22,561 25,217 22,510 19,8,5 
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CRUISE 4 21-24 AUGUST 1972 



Most abundant taxa on the basis 
of estimated carbon density 

Peridinium spp. 16 % 

Phaootus tent-ioutari-s 15 
Fragilaria orotonensis 9.8 
Ooaystis spp. 8.4 

S t auras trum paradoxion 6.0 

Ulothrix suboonstr-iata 5.3 



Most abundant taxa on the basis 

of estimated percent carbon 

Phaootus tentiaularis 17 % 

Peridinium spp. 16 

Fragitaria crotonensis 9.1 

Ooaystis spp. 8.8 

Staurastrum paradoxum 6 . 3 

Ulothrix suhconstriota 4.1 



mean total estimated carbon density = 82 pg-C/l 



Summary of patterns based on estimated carbon density 
(Figs. 16a, 16b, 18a, 40; Table 14) 

Region A high densities of Peridinium spp., Ooaystis spp., Scenedesmus 
quadrioauda var. quadrispina; located mainly in NE 

Region B higher than average densities of Ankistrodesmus falaatus, 

Ooaystis spp., Scenedesmus quadrioauda var. quadrispina, Ulothrix 
suhconstriota; scattered stations in east 

Region C consists of one station (#60) near Rochester; highest density 

of any station for total estimated carbon, Ulothrix suhconstriota, 
Ankistrodesmus falaatus, Nitzsahia dissipataj high densities of 
Phaootus lentiaularis , Stephanodiscus suhtilis 

Region D high densities of Phaootus lentiaularis, Staurastrum paradoxum; 
low total density; mainly south-central stations 

Region E low total density; located in north-central area 

Summary of patterns based on percent estimated carbon 
(Figs. 17a, 17b, 18b; Table 15) 

Region A high percentage of Peridinium spp.; located mainly in NW 

Region B high percentage of Phaootus lentiaularis; located in west- 
central part 

above average percentages of Peridinium spp., Phaootus lenti- 
aularis, Ooaystis spp.; located widely in NW area 

high percentage of Staurastrum paradoxum; located along western 
half of southern shore 



Region AB 
Region C 
Region D 
Region AD 
Region BD 



high percentage of Ulothrix suhconstriota; located mainly near 
Rochester 

above average percentages of Peridinium spp., Ulothrix suboon- 
stricta, Ooaystis spp.; located in east 

above average percentage of Ooaystis spp.; located in cistorn li.i 1 F 
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FIG. 18. Geographic location of regions determined by PCA of cruise #4. 

(a) regions based on PCA of estimated carbon density. See Fig. 16 and Table 14. 

(b) regions based on PCA of estimated % carbon density. See Fig. 17 and Table 15. 
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TABLE 14. Mean values of estimated taxa carbon density by 
regions determined in PCA of cruise #4. See Figs. 16, 18a. 



21-2(1 Auq 72 
Ankistrodesmus f ilea t us 

AnkistrodesiiuG setiqerus 

Ast, erionella formosfl 

Cryptomonas Rrosa 

GlenodiniuHi, Gymnodi nium fipp. 

Diatoma tenup var. ^^longrttmi 

flagellate 81 

flaqeilate »2 

Gloeocystis planctonica 

Laqerheiraia ciliata 

Melosira islandica 

Nitzschia aciculaii?; 

Nit 2s chid bacata 

Nitzschia dissipata 

Nitzschia sp. #2 

Oocysti::^ i.'PP. 

Osciilatoria bornetii 

OiJciilatoLt-i limiietic-a 

Phacotus lenticuLaris 

Ppridinium spp. 

Scenedesmus hicellularis 

S. qaadricauda var. quad i i f;p i na 

S t a ura :i t c nm pa ra do xu m 

Stephanodiscus a If: in us 

Stephanodiacus bindorana:; 

Stephanodiscus hantz-5chii 

^tephanodiscu-T mi nut uf 

Stf^phanol iscus subt ili;; 

Stephanodiscus tenuis 

S urirella anqust a 

Synedra ostenteldii 

Ulothrix subconstrictd 

total alq.ii carbon 
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TABLE 15. Mean values of estimated taxa % carbon density by regions 
determined in PCA of cruise #4. See Figs. 17, 18b. 



21-21 Auq 72 
Ankistrortt^amus f a lea t us 

AnkistrorlesmJs setigytus 

Aster ione 11a focnosa 

CryptoMonas erosa 

Glenodini iia, GyBnodinium spp. 

Diatoaa tenue »ar. elonqatu* 

flaqellate il 

flaqellate t2 

Gloeocyst is planctonica 

Laqerheimia ciliata 

Melosira islandica 

Nitzschia aciculsris 

Nitzschia bacata 

Nitzschia dissipita 

Nitzschia sp, #2 

Oocystis spp. 

Oscillatoria bornetii 

Oscillatoria liaaetica 

Phacotus lenticular is 

Peridiniu m spp, 

Scenedesmus bicellularis 

S. quadri Cauda var, quadrispina 

staurastrum paradorun 

fitephanodiscus alpinus 

Steph an o discus binderanus 

Stephanodiscus hantzschii 

Stephanodiscus ninutu?? 

stephanodiscus subtilis 

Stephanodiscus tenuis 

Surirella anqusta 

Synedra ostenfeldii 

Ulothrix subconstricta 

total alqal carbon 
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CRUISE 5 30 OCTOBER - 3 NOVEMBER 1972 



Most abundant taxa on tha basis 
of estimated carbon density 

Stauvastrum paradoxum 1.1% 

Gtenodin-iion, Gynmodiniwn spp . 6.6 

flagellate #1 6.1 

Fragitav'L.a orotonensi-s 5.0 

Peridiniton spp . 4.6 

Oocystis spp. 4.3 



Most abundant taxa on the basis 
of estimated percent carbon 



StaurastTvan paradoxim 
Glenodiniim, Gynrnodin-iim 
flagellate #1 
Peridiniwn spp. 
Oocystis spp. 
TPvagiZavia ovotonensis 



spp. 



8.7% 

7.1 

6.2 

4.6 

4.3 

4.0 



mean total estimated carbon density = 36 yg-C/1 



Summary of patterns based on estimated carbon density 
(Figs. 19a, 19b, 21a, 41; Table 16) 

Regions A and a high densities of the diatoms Stephanodisaus subtiliSj S. 

minutuSj S. atpinus^ Nitzschia baoata, S. tenuis, S. hi-ndevanus ; 
region A consists of one station 02), which has the highest 
density of any; all stations in far western corner 

Regions B and b B similar to region a, but with lower density of character- 
istic taxa and very low density of flagellate #1 and 
Stephana discus binderanus; B located at mouth of Niagara 
near regions A and a; region b has less extreme values and is 
located in west central part 

Regions C and c high densities of Glenodinivm spp., Gymnodiniim spp., 

Pevidinium spp., Oocystis spp., and Stephanodiscus binderanus; 
consists of scattered clusters of stations 



Region D 



low densities of most taxa; many stations, most in east 



Summary of patterns based on percent estimated carbon 
(Figs. 20a, 20b, 21b; Table 17) 

Regions A and a dominated by high percentages of Stephanodiscus tenuis; high 
percentages of S. minutus; located in southwest side 

Region B high percentages of Glenodinium spp., Gyrmodinium spp., 
flagellate #1, Oocystis spp., Peridinium spp.; three geo- 
graphically distinct areas scattered over the lake 

Regions C and c all taxa of region B except Glenodinium spp. and Gymnodiniim 
spp. but in lower percentages; region C has lower percentages 
of these taxa than region c ; region C in eastern part of 
lake, region c stations widespread 
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Hamilton 



A Ob @D 





Hamilton 



FIG. 21. Geographic location of regions determined by PCA of cruise #5. 

(a) regions based on PCA of estimated carbon density. See Fig. 19 and Table ].6 . 

(b) regions based on PCA of estimated % carbon density. See Fig. 20 and Table 17, 
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TABLE 16. Mean values of estimated taxa carbon density by regions 
determined in PCA of cruise #5. See Figs. 19, 21a. 



30 Oct - 3 Nov 72 
Ankistroiiesiaus f a lea t us 

AnkistrodesBus setigeras 

Rsterionella formosa 

Cryptoraonas erosa 

Glenodinium, Gynnodiiiiuo spp. 

Diatona tenue var, elonqatuo 

flaqellate #1 

flaqellate #2 

Gloeocystis platictonica 

Lager heimia ciliata 

nelosira islandica 

Kitzschia acicularis 

Nitzschia bacata 

Nitzschia dissipata 

Nitzschia sp. #2 

Oocystis spp. 

oscillatoria bor netii 

Oscillatoria limnetica 

Phacotus Ipnticulari? 

PeridiniuB spp. 

Scenedesmus bicellularis 

S, quadri Cauda var. guadrispina 

Staurastrum paradoxum 

StGphanodiscus a 1 pin us 

Stephanodiscus binderanus 

Stephanodiscus hantzschii 

Stephanodiscus aiinutus 

Stpphanodiscus subtilis 

Stephanodiscus tenuis 

Sucicella anqusti 

Synedra osten feldii 

lUothrix subconstricta 

total alqdl carbon 
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12.568 


4.834 
1. 877 


1.07H 
.431 


1,463 
,765 


1.357 
1 .146 


. 804 
.662 


.8 26 
.623 


3.014 
9.5,5 


1.065 
8.1400 


5.007 


6.569 
1.712 


5.775 
1.574 


,718 
,896 


.242 
.309 


. 352 

.629 


.138 

.218 


14.948 »» 
8.7,5 


. 21-" 
1.1423 


,8 54 


.664 
.435 


.071 
. 142 


, 127 

,2C7 


.427 
.678 


,259 
, 148 


. 1W 
. 165 


1. 156 

10.2,5 


.006 
.081 


.000 


.000 
.000 


.02C 
.04 1 


.018 
.0 36 


.000 
.000 


.000 

.000 


.0" 1 
.0 16 


27,1,? 


1.029 
3.635 


1 ,102 


.477 
.565 


.165 
. 330 


1.298 
1.415 


1.239 
1 .070 


.581 
.524 


1.277 
.90 3 


4.011 « 
10.6,5 


36.272 
91.517 


91.517 


47.692 
9.653 


40.506 
24. 193 


25,4 18 
8.038 


49.226 
5,687 


IS. TBI 
10.277 


13.285 
11.818 


6.894 
10.2,5 
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TABLE 17. Mean valties of estimated taxa % carbon density by 
regions determined in PCA of cruise #5. See Figs. 20, 21b. 



30 Oct - 3 Nov 72 
Ankistrofleanus f a lea t us 

AnkistrodesBus setiyerus 

Aster ione 11a formosa 

Cryptcaonas eros^ 

Glenodiniui, Gyanodinium spp. 

Diatoma tenue vac. elonqatua 

flaqeliate #1 

flaqellate #2 

Gloeocystis plane ton ica 

Laqerheiniia ciliata 

Helosira islandica 

Nitzschia acicularis 

Nitzschia bacata 
Nitzschia dissipata 
Nitzschia sp. #2 
Oocystis spp. 
oscillatoria bornetii 
Oscillatoria limnetica 
Phacotus lenticularis 
PeridiniuB spp, 
ScenedesBus bicellularis 
S. quadricauda var. quadrispina 
staurastruo pacadoxun 
StephanodiscuE alpinus 
Stephanodiscas binderanus 
Stephanodiscus hantzschii 
Stephanodiscus ninutua 
Stephanodiscus subtilis 
Stephanodiscus tenuis 
Surirella anqusta 
Synedra ostenfeldii 
Ulothrix subeon strict a 
total alqal carbon 



59 


14 


a 
7 


8 
13 


C 
11 


c 
21 


P-atat 


.101 
.Otti 


.051 
.0714 


.037 
.065 


.091 
.098 


.121 
. Ill 


.122 
.121 


1.810 
16.0,1 


.OOC 
.OCC 














3. 3113 
12.850 


1.259 
1.1459 


2.559 
2.182 


. 2.527 
3.397 


3.168 
3.517 


1.303 
3.801 


1.965 
18.0,1 


.000 
.OOC 














7.103 
35.72C 


2.161 
1.101 


2.6S0 

2.198 


18.376 
5.729 


1.232 
1.191 


5.602 
2.578 


31.006 *• 
17.1,1 


.760 
5.899 


1.308 
1.5110 


1.663 
1.602 


.712 
1.622 


.213 
.588 


.667 
.829 


1.873 
13.5,1 


6.207 
22.372 


11.957 
1.396 


1.991 
2.098 


8.155 
5.121 


8.731 
1.519 


5.269 
1.217 


6.271 »• 
19. 3,1 


.COO 
.000 






• 








.820 
5.528 


.631 
1.262 


.375 
.617 


1.057 
.987 


1.168 
1.501 


.556 
1 .009 


1.503 
11.6,1 


.000 
.000 














.709 
12.285 


2.067 
3.2714 


.703 
1.115 


.000 
.000 


2.031 
3.753 


.260 
.763 


.889 
11.1,3 


.088 
1.115 


.163 
. 189 


.027 
.017 


.0 99 
.169 


.029 
.072 


.115 
.299 


1.237 

15.5,1 


.777 
5. 586 


3.999 
2.195 


.589 
.813 


.311 
.588 


.316 
.171 


.712 
1.176 


2.911 
11.0,1 


.mi 

1. 395 


.3148 
.576 


.315 
.515 


.121 
.197 


.053 
.081 


.095 
.160 


.919 
13.3,1 


.297 
2.735 


.861 
1.022 


.109 
.729 


.OOC 

.000 


.313 
.852 


.310 
.610 


.253 

15.9,3 


U. 329 
15.8 314 


.1460 
.6141 


.821 
1. 167 


7.991 
3.936 


5.756 
3.769 


3.360 
2.831 


16.606 •• 
21.1,1 


.139 
8.230 


.000 
.000 


.000 
.000 


.633 
2.283 


.COO 
.000 


.000 
.000 


.000 
0,0 


1.551 
1.508 


1.669 
.1402 


1 .688 
1.571 


1.315 
.761 


1.320 
1.387 


1.725 
1 .139 


.561 
17.7,1 


1.66C 
5.797 


.678 
.800 


1.162 
1.282 


1.711 
1.823 


2.225 
1.571 


1.579 
1.198 


1.533 
16.6,1 


4.581) 
20.750 


.1457 
.9114 


1.631 
1.619 


7.023 
6.009 


6.278 
6.815 


1.037 
1.526 


6.621 *• 
21.9,1 


.U7U 
2.6C3 


1.057 
1.1114 


.190 
.338 


.620 
.519 


.291 
.157 


.163 
.181 


1.585 
11.2,1 


.229 
2.755 


.000 
.000 


.012 
. Ill 


.186 
.156 


.175 
.916 


.231 
.175 


1. 388 
33.1,3 


8.701 
33.1H7 


3.731 
7.U62 


11.358 
12.189 


7.611 
7.261 


10.526 
11.575 


7.633 

7.282 


.839 
11.1,1 


1.591 
9.7111 


.5514 
.858 


3.011 
3.386 


2.035 
2.121 


1.057 
1.505 


1.315 
1.519 


1.176 
16.0,1 


1.892 
23.197 


1.752 
2.023 


1.919 
2.655 


.155 
.839 


.881 
1.301 


3.111 
5.161 


2.026 
13.9,1 


1. no 

14.1117 


1.831 
1.196 


1.183 
1.690 


.830 
.511 


.901 
1.117 


1.201 
.808 


1. 113 
13.1,1 


.i.139 
7.099 


14.617 
.918 


1.117 
1.639 


1.160 
1.769 


.978 
.901 


2.019 

1.517 


13.153 •♦ 
15.5,1 


3.738 
13.733 


6.586 
2.2119 


7.113 
5.153 


3.101 
2.768 


2.111 
1.837 


3.317 
2.115 


3.702 • 
11.3,1 


2.814: 
211.3149 


20.155 
11.185 


7.839 
3. 197 


.713 
.787 


. 153 
.509 


.885 
1.250 


26.525 *• 
13.5,1 


.562 
14.019 


1.039 
1.166 


.518 
.711 


.518 
1.265 


.000 
.000 


.768 
1.016 


. 193 
17.5,3 


.023 
.1190 


.123 
.215 


.010 
.105 


.OOC 
.000 


.000 
.000 


.025 
.085 


. 160 
18.1,2 


3. 156 
11.218 


1.901 
1.902 


.711 

1.123 


1.102 
3.233 


2.996 
2.159 


3.177 
3.365 


1.102 * 
16.3,1 


36.272 
91.517 


33.386 
16.191 


16.305 
28.319 


33. 167 
11.391 


35.673 
11.792 


35.783 
10.520 


.353 
13.1,1 
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CRUISE 6 2 7 NOVEMBER - 1 DECEMBER 1972 



Most abundant taxa on the basis 
of estimated carbon density 

Statirastvum paradoxum 8.6% 

Astevionella formosa 8.3 

Fevidiniwn spp . 7.0 

Stephanodisous binderanus 5 . 7 

Fragilaria arotonensis 4.1 

Stephanodisous hantzsahii 2 . 9 

mean total estimated carbon density =26 pg-Cl/1 



Most abundant taxa on the basis 
of estimated percent carbon 

Staurastrum paradoxum 8.1% 

Asterionella formosa 8.1 

Peridinium spp. 7.2 

StephanodisGus hinderanus 4 . 9 

Stephanodisous minutus 3 . 5 

Stephanodisous hantzsohii 3.0 



Summary of patterns based on estimated carbon density 
(figs. 22a, 22b, 24a, 42; Table 18) 



Region A 

Region D 
Regions B and C 



high densities of GZenodinivm spp., Gymnodinium spp., 
Stephanodisous subtilis, S. hantzsohii, flagellate #1; 
located mainly in NE 

high densities of Stephanodisous atpinus (also possibly 
flagellate #2 and Peridinium spp . ) ; located mainly in NW 

may be interpreted perhaps as transition regions between 
regions A and D; region B is more like region A and region C 
is more like region D; region B is in the eastern half and 
region C in the western half 



Summary of patterns based on percent estimated carbon 
(Figs. 23a, 23b, 24b; Table 19) 



Regions A and a 
Regions B and b 

Region C 



high percentage of Peridinium spp. (higher in region A); 
located in western half 

high percentages of Glenodinium spp., Gymnodinium spp., 
Phaootus lentioutaris (higher in region B) ; mainly inshore 
stations in the south 

mixture of other taxa, none consistently dominant 
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FIG. 24. Geographic location of regions determined by PCA of cruise #6. 

(a) regions based on PCA of estimated carbon density. See Fig. 22 and Table 18. 

(b) regions based on PCA of estimated % carbon density. See Fig. 23 and Table 19, 
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TABLE 18. Mean values of estiraated taxa carbon density by 
regions determined in PCA of cruise #6. See Figs. 22, 24a. 



27 Nov - 1 Dec 72 
AnkistroilPsmus f aicatus 

AnJcistroflesinus setiqetus 

Asterionella fomosa 

CryptoiDonas orosa 

Glenodiniua, Gymnodinium spp. 

Diatoma tenue »ar. elonqatuo 

tlaqellate #1 

flaqellate #2 

Gloeocystis planctonica 

Laqerheimia ciliata 

Melosira islandica 

Nitzschia acicularis 

Nitzschii bacata 

Nitzschi,^ dissipata 

Nitzschia sp. #2 

Oocystis spp. 

Oscillatoria bornetii 

Oscillatoria limnetica 

Phacotus lenticularis 

Peridinium spp. 

Scenedesmus bicellularis 

3. quad ri Cauda var. quadiispina 

Staurastrura paradoxom 

Stephanodiscus alpiuus 

Stop hano discus bindoranur: 

Stephanodiscus tiantzschii 

Stephanodiscus minutus 

Stephanodiscus subtilia 

Stephanodiscus tenuis 

Sue irella anqust i 

Synedra osttijifeldii 

Uiothr i X subc JtiRtrict a 

total aiqal carbon 



Grand 
5U 


A 

1 


1 


B 

18 


C 

25 


D 
6 


P-stat 


.OUlt 
.181 


. 181 


. 123 
.039 


.029 
.033 


.0 35 
.015 


.017 
.038 


6.165 * 
10.5,3 


.000 
.000 














2.119 
S.917 


5.108 


1. 119 
2.139 


1.991 
1.927 


1.705 
1.119 


2.318 
2.169 


1.222 
9.2,3 


.059 
1.601 


.GOO 


.200 
.100 


.069 
.377 


.032 
.160 


.000 
.000 


.301 
13.7,2 


.5«7 
3.012 


3.012 


.703 
. 381 


.825 
.563 


.353 
.399 


.000 
.000 


3.210 
16.5,2 


.2pe 

1.619 


.623 


.000 

.000 


.212 
.388 


. 189 
.262 


.219 
.153 


.098 
23.2,2 


.546 
1.163 


1.317 


1.001 
. 331 


.190 
.267 


.111 
.218 


.810 
.381 


5.203 • 
9.6,3 


.351 
1.939 


■ .261 


.151 
.132 


.C73 
.172 


.130 
. 397 


.999 
.578 


8.599 »* 
11.6,3 


.000 
.COC 














.OOC 
.OOC 














.38 2 

3.776 


1.008 


.693 
.780 


.35C 
.751 


.313 

.832 


.336 
.823 


.217 
10.5,3 


.018 
.227 


.000 


.028 
.033 


.032 

.059 


.011 
.028 


.000 
.000 


. 760 
15.6,2 


.2211 
1.023 


.205 


.102 
.118 


.273 
.281 


.237 
.299 


.102 
.112 


2.172 
11.6, 3 


.050 
.260 


.156 


.026 
.052 


.067 
.075 


.037 
.016 


.052 
.066 


.779 
10.1,3 


.271 

1.570 


.COO 


.785 
.302 


.378 
.562 


.081 
. 196 


.136 
.391 


7.757 »• 
9.1,3 


.UOl 
2.739 


1.867 


.651 
.236 


.198 
.801 


.289 
.122 


. 166 
.257 


3.288 « 
13.1,3 


.035 
.956 


.COO 


.000 
.000 


.000 
.000 


.076 
.265 


.000 
.000 


.000 
0,0 


.U35 
1. 3«7 


1.C17 


.935 
.391 


.321 
.225 


.389 
.311 


.521 
.376 


2.918 
9.7,3 


.728 
5.1198 


2.115 


2.613 
2.111 


.822 
. 97b 


.389 

.615 


.352 
.191 


2. 151 
10.2, 1 


1.802 
9.93C 


.000 


2.731 
3.569 


.772 
1.207 


1. 90 7 
1.691 


1.138 
3.288 


3.417 
9.3,3 


.112 

.5UC 


.108 


.067 
.052 


.126 
.179 


. 101 
.116 


.111 
.071 


1.2)1 
11. 3,3 


.017 
.611 


. 000 


.000 
.000 


.017 
.072 


.021 
.122 


.000 
.000 


.021 
198.5,1 


2.2D0 
9.90C 


1.950 


3.091 
3.713 


2.063 
2.138 


1.881 
2.793 


2.888 
2.133 


.311 
10.1,3 


.678 
2.869 


.221 


.276 
.552 


.331 

.171 


.712 
.723 


1.802 
.583 


9.963 •* 
10.6,1 


1. 3147 
8.082 


1. Oil 


5.158 
2.102 


.638 
1.121 


1.311 
1.673 


.196 
.780 


5.0 11 • 
10.8,1 


.710 
2.067 


1.817 


1 .572 
.529 


.806 
.371 


.508 
. 158 


.671 
.319 


7.512 •• 
9.0, 1 


.770 
3. 311 


1.111 


1.021 
. 321 


.608 
.597 


.821 
.781 


.801 
.671 


1. 1 18 
12.9, 1 


.555 
2.528 


2.528 


1 .011 
.598 


.508 
.303 


. 360 
.215 


.855 
.128 


3.867 . 
9. 1,3 


.161 
1.777 


.000 


.101 
.2 80 


.67 3 
. 1 11 


.368 
.363 


.323 
. 166 


2.0 36 
11. 1, J 


.185 
1.123 


.215 


.712 
.193 


.127 
.117 


.50 1 
.10 5 


.171 
. 315 


. 1 6 6 
10.1, 1 


.006 
.16 3 


.000 


.000 
.000 


.011 
.012 


.O'M 
.0 16 


.000 
.000 


. 12" 
10 1.6,1 


.179 
2. 203 


1. 122 


.7 If, 

, 911 


.12,' 
.116 


.381 
.618 


.75 ) 
.96 1 


. Il'l 
9.5, J 


25.601 
57. 317 


19.705 


11,122 
1.029 


22.3>3 
10. 191 


2 3.528 
10. 101 


28. 179 
6.532 


27.128 
15.8,1 
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TABLE 19. Mean values of estimated taxa % carbon density by 
regions determined in PCA of cruise #6. See Figs. 23, 24b. 



Grand A a B b C P-stat 

27 Nov - 1 Dec ^2 51 9 12 7 11 15 

AnKistcodesnus falcatus .188 .175 .213 .153 .181 .172 .20U 

.759 .110 .2119 .211 .231 .195 21. 6, U 

A nItiatrodCiSiBus setigerus .000 

.COO 

Asterionella fornosa B.ioe H.^H^ 9.395 9.122 9.695 7.821 2.972 * 

2U.057 2.896 5.851 7. 1191 6. 873 5.1(65 21.a,l| 

Cryptoaonas erosa .297 .213 .289 .000 .968 .000 .1U3 

10.650 .61*0 1.001 .000 3.211 .000 53.1,2 

Glcnodiniuii, Gyanodiniui. spp. 2.632 .il83 1.819 8.317 3.178 1.il93 7.381 «* 

15.512 .756 2.256 1.369 2.530 1.751 20.7,1 

Diatoia tenue var. elon<jatu» .972 .195 .716 .656 2.086 .768 .680 

10.599 .675 1.306 .877 3.161 1.127 22.1,1 

flaqellate II 2.523 2.311 2. 531 1.196 2.906 1.537 3.151 » 

7.779 1.185 1.151 2.108 2.639 .913 20.1,1 

flaqellate »2 1.596 1.Bfi5 2.275 1.B00 1.030 1.213 .611 

9.712 1.672 3.037 2.511 1.399 1.691 21.1,1 

Gloeocyst.is planctonica .000 

.OOP 

Lagerheim ia ciliata .OOC 

.000 

Melosira islandica 1.536 1.156 3,018 .000 1.171 1.137 .226 

20.686 2.396 6.139 .000 1.913 2.587 35.1,3 

Nitzschia aciculatis .070 .119 .111 .000 .118 .027 1.189 

.616 .118 .167 .000 .223 .075 30.3,3 

Nitzschia bacata 1.011 .812 .781 3.058 .658 .717 1.011 

7.521 .821 1.030 2.961 .671 1.096 20.9,1 

Nitzschia dissipata .236 .069 .218 .612 .171 .206 2.106 

2.316 .105 .357 .811 .171 .199 21.0,1 

Nitzschia sp. »2 1.036 1.065 .391 1.330 1.190 1.282 .961 

7.221 1.889 .975 2.713 1.707 1.763 20.3,1 

Oocystis spp. 1.681 .893 1.216 1.258 3.338 1.193 1.199 

8.806 1.156 1.902 3.329 3.381 2.029 21.2,1 

Oscillatoria bornetii .153 .000 .158 .000 .000 .186 .171 

5.195 .000 1.586 .000 .000 .721 117.0,1 

Oscillatoria liiinetica 1.838 1.281 2.360 2.269 1.112 1.813 1.269 

7.011 .735 1.902 1.591 1.320 1.213 21.6,1 

Phacotus l=nticularis 2.627 2. "38 1.186 0.119 1.118 1.729 1.535 

15.011 1.269 2.030 5.193 3.925 2.030 19.6,1 

Peridiniim spp. 7.175 20.575 12.036 .OOC .000 3.856 11.958 *» 

30.576 1.810 1.992 .000 .000 1.991 50.5,2 

Scenedesmus bicellularis .577 .390 .987 1.051 .390 .271 1.311 

1.318 .325 1.238 1.511 .365 .295 20.0,1 

s. quadricauda var. quadrispina .083 .270 .000 .000 .185 .000 .017 

2.129 .810 .000 .000 .612 .000 117.3,1 

Staurastruii paradoxum 8.112 11.189 1.996 1.009 1.817 13.178 2.066 

31.957 10.193 6.515 7.257 7.031 11.516 21.9,1 

Stephanodiscus alpinus 2.810 1.726 2.167 2.109 2.752 2.163 .695 

11.511 1.005 3.050 2.231 2.739 2.711 21.9,1 

Stephanodiscus bindecanus 1.793 2.871 1.182 1.111 7.105 5.812 2.166 

21.655 1.612 5.595 2.861 5.703 7.589 23.7,1 

StephanodiscuE hantzschii 2.989 2.387 2.913 3.396 3.691 2.706 2.915 • 

5.771 .90" 1.295 1.350 .829 1.155 21.8,1 

Stephanodiscus minutus 3.517 1.P35 1.592 5.583 2.223 1.852 2.851 

18.190 5.811 1.593 3.206 1.675 1.856 19.9,1 

StephanoUacus subtilis 2.263 1.733 2.813 2.595 2.016 2.117 .JOS 

6.663 .918 1.879 1.191 1.132 1.717 22.2,1 

stephanodiscus tenuis 2.177 1.121 2.270 1.068 1.626 2.076 1.213 

7.619 1.301 2.186 3.151 1.779 1.610 21.1,1 

Surirelia anqusta 2.155 1.815 2.083 3.180 2.883 1.387 2.176 

12.109 1.336 1.367 1.101 3.122 1.881 22.7,1 

Synedra ostenfeldii .031 .000 .000 .080 .000 .071 .001 

.61C ."00 .000 .212 .000 .196 83.1,1 

Ulothrix subconstricta 2.113 2.103 1.916 3.711 1.616 1.733 .331 

10.750 2.863 3.182 1.118 2.568 2.573 20.9,1 

total alqal carbon 25.()(11 25.161 22.911 11,563 26.010 31.208 6.722 

57.317 7.110 8.025 1.872 13.181 12.252 23.5,1 
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CRUISE 7 5-9 FEBRUARY 1973 



Most abundant taxa on the basis 
of estimated carbon density 

S.tephanodiscus alpinus 13 % 

Stephanodisous tenuis 10 

Peridinium spp. 9.2 

Astevionella formosa 9.1 

Cryptomonas erosa 5.7 

Stephanodisous minutus 4.6 

mean total estimated carbon density =24 yg-C/l 



Most abundant taxa on the basis 
of estimated percent carbon 

Stephanodisous alpinus 14 % 

Peridinium spp. 11 
Stephanodisous tenuis 9.2 

Cryptomonas erosa 6 . 9 

Asterionelta formosa 6.7 

Stephanodisous hantzschii 4 . 8 



Summary of patterns based on estimated carbon density 
(Figs. 25a, 25b, 27a, 43; Table 20) 



Region A 

Region B 
Regions C and c 



high densities of Asterionelta formosa, Stephanodisous hantz- 
sohiijy Glenodinium spp., Gymnodinium spp., and flagellate 
#1; located in NE corner of lake 

consists of one station in SW corner; high densities of 
flagellate #2 and Stephanodisous subtilis 

large group of stations with low densities; lowest densities 
in region C 



Summary of patterns based on percent estimated carbon 
(Figs. 26a, 26b, 27b; Table 21) 



Region A 
Region B 

Region C 
Region D 



high percentages of Asterionelta formosa, Stephanodisous 
hantzschii, S. tenuis; located in NE corner 

dominated by high percentage of Stephanodisous alpinus; has 
high percentage of Nitzsohia bacata; inshore stations all 
around the lake 

dominated by Peridinium spp. with high percentages of 
Nitzsohia baoata; mainly mid-lake stations 

not well characterized; scattered stations 
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A ^C 




Hamilton 




Hamilton 



FIG. 27. Geographic location of regions determined by PGA of cruise #7. 

(a) regions based on PGA of estimated carbon density. See Fig. 25 and Table 20. 

(b) regions based on PGA of estimated % carbon density. See Fig. 26 and Table 21. 
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TABLE 20. Mean values of estimated taxa carbon density 
by regions determined in PCA of cruise #7. See Figs. 
25, 27a. 
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TABLE 21. Mean values of estimated taxa % carbon density 
by regions determined in PCA of cruise #7. See Figs. 
26, 27b. 



■•)-') Ki.|. 7! 
AnkistrodcsBus f.jlcatuij 

AnkistrodesBus setiqocus 

Asterionella for»osa 6.66C 22.201 3.592 U.51C 7.123 5.467 * 

26.661 7.532 3.172 3.439 5.831 8.2,3 

CryptOBonas erosa 6.357 3.157 6.857 1C.C19 5.616 .837 

22.U63 5.1163 6.U66 8.593 7.138 9.3,3 

(Uenodinlum, HyBnodxnluB spp. 2.656 3.331 1.340 3.933 2.725 1.465 

11.802 3.315 1.935 3.527 3.047 3.2,3 

Diatona tPiiue var. olonqatul .97C 2.793 .133 .516 1.530 2.766 

3.5C5 2.47f .306 .696 2.443 7.5,3 

tlaijallat.? #1 1.46(1 2.325 .851 1.751 1.459 1.321 

7.285 3.373 .970 1.119 .989 7.8,3 

llacjoll.itp »2 .324 .000 .459 .335 .280 .145 

2.554 .000 .730 .846 .564 32.2,2 

(Sioeocyst ii; planctonica .000 

.OOP 

Laqerheimia ciliata .OOr 

.000 

Relosira islandlca 3.097 1.971 2.815 5.241 2.180 .407 

24.021 2.349 4.096 8.019 3.537 10.2,3 

kitzschia aciculatis .032 .000 .024 .088 .008 .382 

.794 .000 .079 .265 .029 24.3,2 

Kitzschia Bacata 2.050 .407 2.699 2.505 1.601 8.582 ** 

6.001 .358 1.709 2.014 1.125 15.5,3 

Nitzschia dissipata .407 .127 .333 .453 .495 3.053 

1.834 .111 .214 .415 .544 13.4,3 

Kitzschia sp. «2 2.315 2.352 2.458 1.651 2.621 .181 

9.537 3.353 3.300 2.961 2.926 3.6,3 

Oocystis spp. .631 .221 .490 .977 .608 .619 

7.342 .333 1.627 1.587 2.090 16.9,3 

Oscillatoria bornetii .812 .000 2.212 .633 .000 .153 

24.336 .COO 7.338 1.899 .000 58.0,1 

Oscillatoria liunetica 1.977 3.314 1.747 1.843i 1.958 .112 

=1.350 4.795 1.533 1.245 1.465 7.9,3 

Phacotuj lonticulari:; 1.321 .000 .860 2.149' 1.433 .620 

7.752 .000 1.319 3.002 1.565 31.8,2 

Peridiniim spp. 10.724 4.181 6.241 23.042 7.731 13.541 *• 

34.548 4.700 5.157 5.439 5.977 9.1,3 

Scenedesmus bicellulacis 1.314 . S7C .341 2.123 1.633 4.136 

6.14S 1.333 .459 1.653 2.049 7.6,3 

S. quadricauda var. quadrispina .021 .000 .070 .030 .000 .000 

.770 .000 .232 .000 .000 0,0 

Staurastrua paradoxum 1.60e .OOO ,509 1.449 2.917 .595 

19.491 .000 1.638 4.347 6.834 29.3,2 

Stpphanodi scus alpinus 13.595 3.891 21.563 9.206 12.235 31.604 ** 

33.498 1.704 4.863 3.791 4.446 12.8,3 

Stephanodiscus binderanus 1.39f 4. 035 .462 .483 2.156 1.905 

8.95b 4.221 .335 1.449 2.782 7.7,3 

Stephanodiscus hantzschii 4.315 7.275 3.012 5.922 4.994 6.076 » 

12.003 1.390 1.960 2.440 3.063 10.4,3 

Stephanodiscus ninutus 4.743 5.364 3.904 4.118 5.683 .642 

13.256 4.890 3.765 3.225 3.042 8.2,3 

Stephanodiscus subtilis .50 1 .68f. .730 .131 .521 1.470 

(.549 .<ii42 .961 .392 .965 8.3,3 

Stophanod iscus tpnuir: 9.203 14.f8'i 11.434 4.34J 9.r)23 4,275 * 

22. )44 1.754 6.520 3.520 4.964 3.1,3 

Surirfella anqusta 4.041 1.228 4.537 4.178 4.166 4.029 • 

11.941 1.149 3.322 3.579 2,433 12.4,3 

Synedra ostenteldii .098 .036 .033 .253 .062 .236 

2.274 ,'•63 ,109 ,758 ,193 12,3,3 

nlothrix subconatricta ,5Bil ,H90 .977 .296 .385 .396 

10.7Uf; .881 3.240 .887 1.128 9.4,3 

total alqal carbon 23.747 48.027 23.965 15.399 23.740 2.232 

83.115 35. '-U 10.221 6.971 20.167 8.0,3 
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CRUISE 8 19-22 MARCH 1973 



Most abundant taxa on the basis 
of estimated carbon density 

Stephanodisous minutus 18 % 

Stephanodisaus tenuis 14 

Asterionella formosa 10 
Stephanodisaus dipinus 8.1 

Peridiniwn spp . 7.3 

Stephanodisaus hantzsahii 5.9 

mean total estimated carbon density = 60 yg-C/1 



Most abundant taxa on the basis 
of estimated percent carbon 

Stephanodisaus minutus 17 % 

Stephanodisaus tenuis 11 

Stephanodisaus alpinus 9 . 9 

Pevidiniim spp . 9.6 

Asterionella formosa 8.6 

Stephanodisaus subtilis 6.4 



Summary of patterns based on estimated carbon density 
(Figs. 28a, 28b, 30a, 44; Table 22) 



Region A 



Region B 



Region C 



Region D 



high densities of Stephanodisaus minutus^ Asterionella. formosa, 
S. hantzsahii, Nitzsahia baaata, Glenodiniwn spp., and Gijrmodinium 
spp.; highest total density of any region; located in NE 

high densities of diatoms of region A (but with lower 
densities that region A) and low densities of Glenodinium spp., 

Gymnodiniwn spp., flagellate #1; located at inshore 
stations along southern shore 

high densities of Saenedesmus hioellularis , low total density; 
midlake stations, especially in west 

low total density; scattered stations 



Summary of patterns based on percent estimated carbon 
(Figs. 29a, 29b, 30b; Table 23) 



Regions A and a 



Regions B and b 



Regions C and c 



dominated by high percentages of Stephanodisaus subtilis and 
S. minutus, the former more abundant in region A, the latter 
in region a; located inshore, especially in SE 

dominated by Stephanodisaus tenuis; region B represented by 
only one station (#60) near Rochester; region b stations 
generally inshore in south 

high percentages of Peridinium spp. and Stephanodisaus alpinus; 
the former more abundant in region C, the latter in region 
c; offshore stations with some inshore in west 
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FIG. 30. Geographic location of regions determined by PGA of cruise #8. 

(a) regions based on PGA of estimated carbon density. See Fig. 28 and Table 22. 

(b) regions based on PGA of estimated % carbon density. See Fig. 29 and Tabl(5 23. 
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TABLE 22. Mean values of estimated taxa carbon density 
by regions determined in PCA of cruise #8. See Figs. 
28, 3Qa 
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TABLE 23. Mean values of estimated taxa % carbon density by regions 
determined in PCA of cruise #8. See Figs. 29, 30b. 
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CRUISE 9 2 4-28 APRIL 1973 



Most abundant taxa on the basis 
of estimated carbon density 

Stephanodisaus minutus 23 % 

StephanodisGus tenuis 20 

AsteT-Lonelta formosa 14 
Perid-tn-iim spp . 9.3 

Me tosira is landiea 8 . 5 

Nitssohia sp. #2 3.4 



Most abundant taxa on the basis 

of estimated percent carbon 

Stephanodisaus minutus 25 % 

Stsphanodisous tenuis 16 

Asterionetta formosa 14 

Pevidinium spp . 9.0 

Me tosira is landiea 8.8 

Nitzsohia sp. //2 3.7 



mean total estimated carbon density = 136 yg-C/1 



Summary of patterns based on estimated carbon density 
(Figs. 31a, 31b, 33a, 45; Table 24) 



Regions A and a 



Regions B and b 



Region C 



high densities of Stephanodisous minutus, Asterionetta 
formosa, Melosira istandiaa, Nitzsohia baoata, S. kantzsohii, 
Gtenodinium spp., and Gymnodinium spp.; mainly Inshore stations 
in north 

high densities of Stephanodisous tenuis, Peridinium spp., 
Cryptomonas erosa, flagellate #1, Soenedesmus bioettutaris , 
Diatoma tenue var. etongatum; located in NE 

no clearly defined community; tendancy for high densities of 
Suriretta angusta, Stephanodisous atpinus, Nitzsohia dissipata 
but without statistical significance; stations generally 
inshore in west 



Regions D and d low densities; region D in mid-lake, region d in BE 

Summary of patterns based on percent estimated carbon 
(Figs. 32a, 32b, 33b ; Table 25) 



Region A 
Region B 
Region AB 
Region C 
Region BC 



high percentage of Asterionetta formosa, low of flagellate 
#1; mainly inshore stations of SW 

dominated by Stephanodisous minutus, high in Nitzsohia baoata 
and Soenedesmus bioettutaris; mid-lake stations 

characteristics of both regions A and B but less marked; 
mainly located in NW part centered around station #34 

high percentage of Stephanodisous tenuis; mainly mid-lake 
stations 

characteristics of both regions B and C but less marked; 
located in east 



84 



L 




L 



1. 



J 





M 


K 


•H 


01) 


f^ 


c 




■r- 


O 


t; 


en 


rt 


rH 


c 


cti 




0) 


< 


0) 


o 


CO 


p^ 




c 


• 





>- 




4-) 


X) 


•H 


01 


ra 


w 


C 


nj 


0) 


,n 


-13 






cfl 


fl 


X 


O 


cd 


rQ 


4-1 


U 




cd 


•4-1 


o 


o 


T3 


d 


0) 


o 


■U 


•H 


n) 


4-) 


B 


Cd 


•H 


d 


4-) 


•H 


ra 


T3 


0) 


S-J 




o 


M-l 




O 


/-^ 




rQ 


<; 


^-^ 


u 




PM 






cn 


d 


cu 


o 


u 




o 


X) 


o 


0) 


cn 


M 




nj 


< 


^ 


u 




PM 


o^ 




^^ 


s 




O 


OJ 




m 


13 


■H 


<D 


3 


cn 


U 


Cd 


o 


^ 


u 


cn 


o 


d 


M-l 


o 




•H 


cti 


4-1 


X 


Cd 


cd 


4-1 


+J 


cn 


T3t 


m 


c 


o 


n) 






d 


CO 


o 


C 


•H 


O 


4-1 


•H 


cd 


4-1 


C 


a) 


•H 


4-i 


Td 


en 


M 




O 


m 




o 


^-N 




Cd 


H 


^^^ 


O 




•H 




4-J 


, 


n! 


<3- 


C 


CN 


•H 




-o 


CU 


U 


iH 


O 


XI 




Cd 




H 


iH 


X) 


n 


d 




cd 


C3 


cd 


M 


-0 


Pm 


-0 



85 





b 

m 




o 




CO 




r-l 


< 


nj 


CJ 




p^ 


0) 




a) 


a 


CO 


o 




"d 


• 


(D 


>. 


CO 


■U 


ctf 


•H 


^ 


CO 




C 


nJ 


a> 


X 


Id 


cfl 




•U 


d 




o 


14-1 


^ 


o 


S-i 




c« 


c 


o 


o 




•H 


B^ 


4-i 




nJ 


T3 


C 


01 


•H 


4-i 


■TJ 


« 


M 


e 


O 


•H 




4-1 


^-s 


CO 


^ 


OJ 




LH 




o 


en 




QJ 


<: 


^-( 


u 


o 


^ 


o 




CO 


c 




o 


<3 




o 


TS 


FM 


q; 




Cfi 


C 


cd 


O 


rQ 






Id 


cr\ 


d) 


=fe 


CO 




cti 


OJ 


Xi 


M 




•H 


en 


:3 


S 


^1 


o 


O 


■H 




4-1 


}-) 


CO 


O 


4J 


m 


CO 


cd 


M-l 


X 


O 


n) 




■U 


c 







Td 


•H 


d 


4-) 


nJ 


nJ 




C 


en 


•H 


a 


T3 


o 


M 



•H O 





M-l 








O 


in 






c 


CNI 






O 








•H 


OJ 




■ — ~\ 


4-1 


iH 




« \ 


<M 


ri^ 




<N ) 


C 


cfl 




^J 


•H 
t3 


H 






>-< 


X) 






O 








, 


^ 


0) 




ol 


CO 


M) 




ro 


m 


•H 




O 


61) 


CT5 




M 


•H 


o 




P-. 


1^ 


r-4 



86 




Hamilton 




Hamilton 



FIG. 33. Geographic location of regions determined by PCA of cruise #9. 

(a) regions based on PCA of estimated carbon density. See Fig. 31 and Table 24. 

(b) regions based on PCA of estimated % carbon density. See Fig. 32 and Table 25, 



TABLE 24. Mean values of estimated taxa carbon density by regions 
determined in PCA of cruise #9. See Figs. 31, 33a. 
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TABLIil 25. Mean values of estimated taxa % carbon density by 
regions determined in PCA of cruise #9. See Figs. 32, 33b. 



2i*-2R Apr 71 
Anki-'stroiesnuis f a lea t us 

AnkistroiesBus 3eti<jeruii 

Aster ione 11a forraosa 

Cryptoaonas erosi 

GlenodinluiB, Gyainodiriiun spp. 

Diatoma tenue vac. elonqatua 

flagellate #i 

tlaqellate #2 

Gloeocyst is planctonica 

Laqerheiinii ciliata 

Melosira islandica 

Nitzschia icicularis 

Nitzschi^i bacata 

Nitzschid dissipata 

NitzscUi'i sp. #2 

Oocystis spp. 

Oscillatotia borne tii 

Oscillator ia linnet ica 

Phacotus lenticulari55 

Periiliniu m spp, 

Scenedesmus bicellulacis 

S, quadri Cauda var. quidrispina 

StaurastruB pacadoxum 

S tephanodiscus alpinus 

Stcphanodiscus bindoranus 

Stephano'liscus hiiitzscUii 

Steplianotliscus minu+us 

Stephano -li scus siibt i 1 is 

S tpphanoii i scus t miu i s 

Sur irell^i anq tiijt 1 

Synodra ostenfollii 

tllothrix -subcon strict a 

*otalalqaicarbon 
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3.11113 
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1.055 
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4.091 » 
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.791 


1.634 
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4. 196 • 
17. ),4 


25.0CC 
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16.521 
3.711 


37 . 2 111 
6.8110 


29.617 
U. 86 3 


19.039 
2.871 


25.600 
4. 878 


19.278 »* 
17.8,4 


. J3(: 

1.72h 


.167 
.291 
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. 680 
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.152 
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1.10 6 
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2.839 
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17.5,4 
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.191 
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.000 
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. 12° 
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.117 
.177 


. 115 
25.5,3 


135.566 
1' 5.67e 


13 3.703 
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68.U57 
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77.404 
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218. 100 
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146.344 
91.591 


5.946 
18. 1,4 
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CRUISE 10 11-14 JUNE 1973 



Most abundant taxa on the basis 
of estimated carbon density 



Most abundant taxa on the basis 
of estimated percent carbon 



flagellate #1 22 % 

Stephanodi-saus minutus 21 

Pevidin-iim spp. 10 
Osoitlatovia limnetiaa 7.2 

Stephanodisaus binderanus 6.5 
Stephanodisaus tenuis 5 . 

mean total estimated carbon density = 124 pg-C/l 



Stephanodisaus minutus 21 % 

flagellate #1 21 

Peridinium spp. 10 
Osoillatoria limnetiaa 7.4 

Stephanodisaus hindevanus 6.1 
Asterionella formosa 4.7 



Summary of patterns based on estimated carbon density 
(Figs. 34a, 34b, 3 6a, 45; Table 26) 

Regions A and a high densities of Stephanodisaus minutus, S. tenuis, S. 

subtitis, S. hantzsdhii; very high total density; region A 
located off Toronto; region a mainly in NW 

high densities of Peridinium spp. and flagellate #2; scattered 
stations, mainly in east 



Region B 
Region C 



Region D 



tendancy for high densities of Nitzsahia aaiaularis, Ankis- 
trodesmus falaatus, Saenedesmus biaeltutaris, Gtenodinium 
spp., and Gymnodinium spp. but without statistical signifi- 
cance; located in SW 

low densities; located in south and east 



Summary of patterns based on percent estimated carbon 
(Figs. 35a, 35b, 36b; Table 27) 



Region A 
Regions B and b 
Region C 
Region AB 

Region AC 
Region BC 
Region D 



dominated by high percentage of Stephanodisaus minutus; low 
percentage of flagellate #2; located in north-central part 

high percentage of Stephanodisaus bindevanus; scattered 
inshore stations 

high percentage of flagellate #1; scattered areas in south 
and east 

characteristics of regions A and B; tendancy for high 
percentages of Stephanodisaus tenuis; located near stations 
of region B 

characteristics of regions A and C; located mainly in north- 
central part 

characteristics of regions B and C; located mainly along 
southern shore 



high percentage of Peridinium spp. 
lake area 



located mainly in central 
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Hamilton 




Homilton 



FIG. 36. Geographic location of regions determined by PGA of cruise #10. 

(a) regions based on PGA of estimated carbon density. See Fig. 34 and Table 26. 

(b) regions based on PGA of estimated % carbon density. See Fig. 35 and Table 27. 
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TABLE 26. Mean values of estimated taxa carbon density by 
regions determined In PCA of cruise #10. See Figs. 34, 36a. 



Grand s a B c D F-stat 

11-11 Jun 73 »8 2 11 5 5 22 

Snkistrodesmas falcatus .179 .C39 .018 .073 1.261 .053 1.82U 

2.719 .055 .059 .096 .883 .069 5. 9, a 

AnkislroaesBUs setiqecus .003 .000 .006 .000 .000 .001 .023 

.082 .COO .022 .000 .000 .018 186.1,1 

Asterlonella toruosa 6.201 7.291 3.926 21.078 0.127 1.579 7.359 » 

28.297 3.379 3.210 5.913 5.610 3.771 5.7,1 

CryptoBonas erosa .967 .000 .972 .COr 6.215 .073 2.689 

13.612 .003 1.637 .000 5.013 .311 21.3,2 

Glenodlnium, GyDiiiotliniUB spp. 1.033 1.101 .703 1.121 3.113 .675 .913 

8.631 .710 .779 .969 3.213 .780 5.7,1 

Diatoma tenue var. elongatua 1.7C8 2.180 1.699 13.952 1.769 5.119 3.256 

26.281 1.321 3.010 b.072 1.108 6.727 7.6,1 

flagellate «1 27.766 21.118 22.077 68.892 35.878 20.527 2.353 

101.863 27.111 17.261 32.082 19.577 16.033 5.5,1 

flaqellate »2 .885 .132 .522 2.397 .123 .915 6.729 *• 

3.377 .187 .197 .971 .326 .827 8.3,1 

Gloeocystis planctonica .169 .082 .250 .511 .651 .593 3.110 

2.187 .116 .191 .532 .173 .693 10.6,1 

Laqerheiniia ciliata .OOC 

.ror 

neloaira islnndlca 1.159 .12»; 1.601 2.821 .000 1.511 2.351 

17.611 .TIB 1.6)6 3.123 .000 2.559 21.6,3 

Nitzschia acicularis .095 .310 .012 .170 .386 .011 6.508 ♦ 

.621 .321 .033 .161 .157 .061 5.3,1 

Kltzschia bacata .771 2.659 1.300 .191 .109 .109 6.090 « 

5.728 .579 1.168 .657 .501 .137 5.7,1 

Nitzschia dissipata .C19 .052 .071 .021 .052 .010 .721 

.365 .'"71 .097 .029 .052 .066 6.1,1 

Nitzschia sp. »: .622 .785 .673 .838 .209 .619 .662 

3.661 1.11P .857 .951 .168 .978 5.9,i4 

Oocystia spp. .112 1.058 .000 .OOr .518 .023 .596 

2.116 1.196 .OOn .000 .795 .106 6.1,2 

O.scillatoria Pornetli 2.70P 5.257 5.189 .191 .382 1.999 1.H11 

25.808 7.135 7.512 .127 .855 1.926 6.2,1 

Oscillatoria limetica 8.95C 18.780 12.869 5.567 9.308 6.251 3.181 

29.179 15.131 6.326 2.305 5.050 3.560 5.7,1 

Phacotus lenticularis .000 

.000 

Peridinium ripp. 12.868 10.127 18.938 21.052 .993 10.065 11.221 »* 

51.615 11.715 13.382 9.157 1.101 9.692 5.9,1 

Sceii«desnius bicellularis .101 .836 .200 .110 2.083 .167 3.690 

1.610 .267 .166 .177 1.529 .209 5.6,1 

S. quadricauda var. quadrispina .019 .POO .000 .000 .000 .012 .000 

.611 .000 .000 .OOC .000 .113 0,1 

Staurastrum paradoxum .OCT 

.000 

Stephanodiscas alpinus .105 .000 .000 .000 .011 .000 .100 

.221 .000 .000 .000 .099 .000 0,0 

Stephanodiscus binderanus 8.113 17.653 5.139 11.517 17.057 5.152 1.373 

57.212 7.219 7.171 21.070 22.950 5.223 5.1,1 

Stephanodiscus liantzschil .500 1.209 .719 .158 .166 .382 28.932 •* 

2.111 .093 .611 .111 .387 .173 9.5,1 

Stephanodiscus Binutus 26.330 f6.358 39.708 33.225 22.160 13.191 91.)0B »• 

100.790 2.756 22.316 11.370 11.598 7.328 8.2,1 

Stephanodiscus aubtllis 1.101 11.266 .111 .833 1.060 .639 11.191 •« 

20.718 13.109 .729 .591 .983 .595 5.5,1 

Stephanodiscus tenuis 6.256 56.212 5.896 1.006 3.715 1.032 11.516 •• 

59.601 1.797 1.5ir 2.766 2.382 2.871 5.8,1 

Surlrell'i anqur.t.i .053 .000 .061 .000 .000 .078 .021 

.569 .001 .121 .006 .000 .200 271.7,1 

Synedr.i ostenteldli .171 .211 .122 .585 .223 .096 5.11« * 

.8'11 .115 .138 .202 .220 .1)1 5 . '1 , 1 

iJlothrix subconstriota .72?: .nfl" .866 .925 .000 .321 ."33 

6.610 .'■00 1.782 .277 .000 1.210 70.0,2 

total al^al carbon 121. 270 231.0';9 135.915 196.807 128.510 88.950 15.682 

2';i.117 37.276 12.960 29.510 60.019 26.729 5.6,1 
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TABLE 27. Mean values of estimated taxa % carbon density by regions 
determined in PCA of cruise #10. See Figs. 35, 36b. 



(irand J *B B b c AC BC 



D 



11-11 Jun 7J IS U J 6 3 12 5 6 9 

Ankistroiieaaus falcatus .151 ,000 .012 .080 .057 .267 ,^63 1420 0S9 1 564 

1.169 .000 .022 .067 .019 .561 .101 .'l86 !oS2 ie!9,6 

Ankistrodesous setiijetus .001 .000 .000 .018 .000 .000 .100 .000 .008 .037 

•lOE .000 .000 .013 .000 .000 .000 .000 !o23 t15!6,1 

Asterionslla £ocj»osa 1.662 2.861 3.711 6.897 1.983 6.3B1 1.536 3.751 3 562 2 159 

11.211 2.661 1.351 1.508 .611 1.239 5.512 2.562 2'.557 13'.1,7 

Crvptomonas erosa .902 .720 .000 .000 .000 .689 1.190 3.911 .116 1 120 

13.810 .851 .000 .000 .000 1.816 1.116 6.115 !317 25!9,1 

Glpnodinium, GvanodiniuB spp. .932 ,C75 ,302 ,199 1.120 1,010 .378 2,267 1.223 1,100 ♦ 

■'•■'79 ,150 ,309 ,219 ,383 1,516 ,391 3,107 ,885 12',1,7 

Dlatoua tenue yar, eloniiatu» 1,066 ,000 1.27B 6,751 1,776 7,587 .731 6,158 1,536 2 185 

26,271 ,000 .722 6.101 1.518 7.332 1.088 6,097 2,093 16i5,6 

£laqella<:e «1 21,07C 5,212 8.959 10,259 3,119 37,602 19,113 20,972 21,275 27 193 »• 

16,259 1,875 7,271 1,858 2,757 7,120 1,161 1,391 3,777 12,0,7 

tlaqella':e #2 .792 .033 .182 ,891 .911 ,999 ,159 1,326 ,770 5.606 ** 

■'•371 ,066 ,232 1,030 1,017 ,718 ,351 2,017 .173 11.7,7 

(Uoeocystis planctonica .171 .318 .019 .711 .585 .616 .032 ,822 ,217 3,517 • 

2,790 .696 .013 1.081 .591 .866 .117 .503 .232 12.6,7 

I.aqerheimia ciliata .OOC 

.000 

Melosira iBlaiidlca 1.573 7,673 .199 3.B72 ,705 .531 1.536 ,388 ,276 ,778 

17.650 8.791 ,217 6.639 1.221 1.010 2,575 .950 .503 12!l,7 

Nitzschi,! aciculariK .078 ,016 ,106 ,C91 .000 ,099 .026 .223 .001 2 801 

,162 ,066 .117 ,071 ,000 ,136 .059 .182 ,012 :!>'.(,,(, 

Nitzschis bacata .610 1.927 .995 .617 .137 ,299 1,278 ,299 .362 1.935 

3.5iil 1.125 .132 .777 .567 ,251 1,301 .210 .115 :'•'.'>, 1 

Sitzschii dissipata .C52 .231 .090 .012 .015 .019 .027 .067 .027 l.i'll 

.156 .218 .122 .065 ,026 .027 .015 .052 .039 11.2,7 

Nitzschii sp. »2 ,611 1,532 .610 ,630 1.391 .097 .718 .798 ,106 2,058 

1,172 1,356 ,659 ,379 2,109 ,269 ,701 .915 1.057 10.6,7 

Oocystis spp. .071 .000 ,310 ,000 .171 .000 .300 .311 ,000 ,016 

1.019 .000 ,5B8 ,000 ,302 ,000 ,000 .188 .000 35^9,2 

Oscillatoria bornetii 2.313 2,506 1.552 3.136 15.967 ,686 1,159 .853 .325 1.179 

23.072 2.893 1.830 1.182 11.915 1.917 1.222 1.157 .511 1o!6,-' 

Oscillatoria li»aetica 7. 395 1.319 7.015 5.791 11.159 6.113 6.580 6.987 11. lu'' 1 288 

19.022 1,391 3,853 2.716 5,695 3,121 1,769 2,727 1,689 11,1,7 

Phacotun lenticulari.s ,030 

,00C 

PeridiniiiBi spp. 10.161 8.280 2.669 5,u75 6,699 8,792 11.161 1.110 21.1°0 9 5un •• 

11.316 8.763 1.623 1.571 1.372 6.133 8.279 5.677 5.17" 12,1,7 

Scenecle.sim.5 blcellulacis .309 .815 ,269 ,160 ,231 ,395 ,102 .781 . V f, 1 8P5 

2,508 .815 .151 .117 .120 .796 .091 .558 .120 11.9,7 

n. miadricauda var. quadcispina .021 .000 .000 .OOC .000 ,0C0 .000 .000 .127 , "'^0 

.665 .000 ,000 ,000 ,000 .000 ..TOO .100 .257 n,n 

.'^t aijr.tnt t um paradoxuin .000 

.Oor 

StBphaiioJiscUR alpinus .005 .000 ,000 ,000 .000 ,000 .000 .039 .000 .CCO 

.216 .000 .000 .OOC ,000 ,000 .300 .096 .000 0," 

Stephano,liscus binderanus 6.071 ,239 9,001 12.837 6.590 3.011 3.339 12.111 3.835 6,372 *• 

28.590 .178 3.628 9.961 3.190 3,003 3,635 10.315 5.165 1l!5,7 

Stephaiioiiiisciia hint2r,chii .155 .639 .791 .723 .591 .171 .216 .580 .059 1.715 

i.'^BS .581 .171 .735 .517 .162 .237 .798 ,312 10^6,7 

rteplianodisciis ninutUF; 21,171 50,115 31,115 16,769 11,061 11,736 37.320 15.028 16.086 9,578 •♦ 

69.107 13.221 5.707 3.890 3.927 6,162 7,623 1.921 8.518 11.0,7 

Stephanodiscus subtilis 1."02 .098 3.558 ,710 ,390 1,117 ,056 2.132 .739 3 3B3 • 

9.9B9 .195 5.580 .778 .676 1,065 ,121 1,976 ,617 11.6,7 

ftephanodiscus tenui-S 1.08f 6.235 16,902 5.658 3.187 2.091 1.335 3.000 0,876 1.860 

28.697 0.871 13.799 3.937 3.221 1,651 . )67 1.591 3.017 11.2,7 

Surirolla ■inqu.sti .076 ,676 ,000 ,006 .Orc ,000 .056 .000 .rn .095 

1.01C .603 .000 .112 .000 .000 .126 .OP'l .123 30.6,3 

Synedra ostenfelUi .127 .102 .090 .183 .151 .170 .171 .0'^5 .00'^ 1.332 

.172 .135 .058 .16,; .267 .158 .117 .08'' .C60 11.7,7 

Hlotlrix .subconstricta .672 ,C00 .323 1.6b1 1.600 ,899 .301 .582 .067 1.189 

5.031 ,000 .560 1.833 1,712 1,300 ,671 1.026 ,200 12.6,6 

total al'Jial nachon 120. 27( B1.596 209.031 121.205 99.016 139.078 135.502 96.5^5 117.915 2.2'^7 

260.117 11.603 50.729 18.230 13.138 51.766 55.021 53.719 09.f,22 12.9,7 
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FIG. 37. Distribution of total estimated algal carbon for cruise #1. Numbers 
show estimated carbon values in ygC/1. Contour interval is 100 ygC/1. 
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FIG. 38. Distribution of total estimated algal carbon for cruise #2. Numbers 
show estimated carbon values in ygC/1. Contour interval is 100 |igC/l. 
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FIG. 39. Distribution of total estimated algal carbon for cruise #3. Numbers 
show estimated carbon values in ngC/l. Contour interval is 50 ygC/1. 
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FIG. 40. Distribution of total estimated algal carbon for cruise #4. Numbers 
show estimated carbon values in pgC/1. Contour interval is 50 ygC/l. 
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FIG. 41. Distribution of total estimated algal carbon for cruise #5. 
show estimated carbon values in ygC/l. Contour interval is 20 ygC/l. 
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FIG. 42. Distribution of total estimated algal carbon for cruise #6. Numbers 
show estimated carbon values in |JgC/l. Contour interval is 20 MgC/1. 
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FIG. 43. Distribution of total estimated algal carbon for cruise #7. Numberfj 
show estimated carbon values in ygC/1. Contour interval is 20 ygC/1. 
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FIG. 44. Distribution of total estimated algal carbon for cruise #8. Numbers 
show estimated carbon values in pgC/1. Contour interval is 20 ygC/1. 
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FIG. 45. Distribution of total estimated algal carbon for cruise #9. 
show estimated carbon values in ygC/1. Contour interval is 50 ygC/1. 
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FIG. 46. Distribution of total estimated algal carbon for cruise #10. 
show estimated carbon values in ngC/1. Contour interval is 100 iig(;/l. 
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TEMPERATURE AND ALGAL DENSITY 



In order to typify the apparent temperature preferences of some of the 
more abundant species in Lake Ontario, their pattern of abundance relative 
to temperature has been parameterized (Table 28) . The procedure used in this 
analysis is the same used by Stoermer and Ladewski (1976) in studying Lake 
Michigan populations. As might be expected, many of the more abundant 
diatoms have their apparent temperature optima in the lower range found in 
Lake Ontario. Notable exceptions to this are Cosoinodisaus suhsaZsa, a species 
generally considered tolerant of extremely eutrophied conditions, and the 
eurytopic dominants Frag'i'lca"la arotonensis and Diatoma tenue var. elongatum. 
Conversely, assemblages occurring at the higher temperatures encountered in 
Lake Ontario tend to be dominated by green and blue-green algae. Notable 
exceptions to this generality are the exceptional spring bloom of Soenedesmus 
bicetZutavis at low temperatures and the persistance of Anaaystis oyanea, 
Gomphosphaeria aponina, and G. wieh.vo'ae into the fall and early winter cooling 
season. Although the persistence of other Anaoystis species into the fall 
has been previously noted in the Great Lakes (Schelske et al , 1976) the 
behavior of A. ayanea in Lake Ontario is somewhat puzzling since it is usually 
considered a summer bloom form. Cases are known (Wildman et al.,1975), how- 
ever, of the survival of summer blooming blue-green populations surviving 
into the winter in eutrophic lakes. 
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TABLE 28. Temperature parameters for taxa. Taxa for which pattern of abundance relative to temperature 

is approximately Gaussian. Estimates given are based on parameterization as discussed In text. 

Tm = predicted temperature ("C) of maximum absolute (cells/ml) and relative (%) abundance. S = parameter 

estimating temperature tolerance of taxa. M = predicted level of absolute (cells/ml) and relative (%) 

abundance at optima] temperature in Lake Ontario. Fixed = number of parameters fixed in analysis. 

See text for further explanation. 



Species or Category 

Stephanodieaus alpinus 

Stephanodisaus hantzsahii 

Nitzsahia dissipata 

Surirella angusta 

Nitzsahia filiformis 

Stephanodisaus niagarae 

Soenedesmus quadvioauda v. maximus 

Nitzsahia sp. #2 

Stephanodisaus tenuis 

Nitzsahia baaata 

Tabellavia fenestrata 

Asterionella formosa 

Gomphosphaeria wiohurae 

Cryptomonas eposa 

Anaaystis ayanea 

MeLosira islandiaa 

Peridinium spp. 

Synedra ostenfeldii 

Gomphosphaeria aponina 

flagellate #2 

Stephanodisaus binderanus 

Stephanodisaus minutus 

Melosira granulata 

Saenedesmus biaellularis 

Nitzsahia holsatiaa 

Fragilaria aapuaina 

Pediastrum duplex 

Diatoma tenue 

Saenedesmus quadriaauda 

Glenodinium spp. and Gymnodinivm spp. 

Coooomyxa aoaaoides 

Nitzsahia aciaularis 

Cyclotella meneghiniana 

Osaillatoria limnetiaa 

flagellate #1 

Ankistrodesmus J'alaatus 

Diatoma tenue var. elongatum 

Anaaystis inaerta 

Osaillatoria bometii 

Soenedesmus quadriaauda v. longispina 

Cruaigenia quadvata 

Gloeooystis sp. #1 

Coelastrum miaroporum 

Saenedesmus quadriaauda v. quadrispina 

Anabaena flos-aquae 

Gomphosphaeria laoustris 

Fragilaria arotonensis 

Ankistrodesmus setigerus 

Cosainodiscus subsalsa 

Botryaoaaus braunii 

Eudorina. elegans 

Po.diast rum glamiu liferiMn 

Anabaena. variabilis 

Borodinella sp. #1 

Sbaurastrum paradoxiMV 

hagergeimia ailiata 

Phaaotus lentiaularis 



Tm( 


:°c) 


SC 


=C) 




M 


Fixed 


Abso 


Rel 


Abso 


Rel 


Abso 


Rel 


Abso 


Rel 


abun 


abun 


abun 


abun 


abun 


abun 


abun 


abun 


-0.3 


-1.3 


5.2 


4.6 


166. 


27.6 


1 


1 


1.1 


2.6 


8.0 


18.0 


911. 


39.8 


2 


2 


2.6 


7.3 


11.7 


9.4 


39.8 


5.0 


2 





3.5 


2.8 


3.4 


2.2 


41.9 


6.1 





2 


3.9 


2.2 


1.7 


1.3 


23.2 


2.8 








3.9 


6.6 


3.2 


5.1 


35.6 


10.0 


1 


2 


4.1 


12.8 


1.1 


6.2 


44.0 


5.3 








4.3 


2.6 


1.6 


3.1 


78.6 


3.9 








5.1 


0.5 


4.7 


6.9 


1340. 


53.4 








5.9 


1.2 


4.5 


10.6 


70.6 


5.5 





2 


6.6 


6.8 


8.0 


5.9 


106. 


18.3 








6.9 


10.0 


5.3 


8.1 


892. 


53.4 








7.0 


4.2 


2.1 


5.8 


1280 


84.9 








7.3 


6.7 


3.0 


4.0 


291. 


7.0 


1 





7.6 


5.8 


5.3 


3.7 


496. 


70.3 








8.2 


7.2 


4.8 


5.1 


37 3. 


19.0 








8.2 


21.8 


0.6 


13.2 


677. 


20.5 





2 


8.3 


3.1 


4.5 


0.2 


32.6 


3.8 





2 


8.5 


8.5 


1.2 


1.2 


524. 


54.2 


1 


1 


8.7 


8.6 


4.2 


4.3 


214. 


15.3 








8.7 


9.7 


4.1 


4.9 


3188 


59.0 


1 





8.8 


9.6 


6.1 


7.3 


1137 


54.5 


1 





8.9 


3.5 


4.4 


4.4 


52. 


6.8 








8.9 


7.6 


3.1 


3.5 


1707 


73.2 








9.4 


5.4 


3.6 


4.9 


112.7 


12.4 








9.4 


8.1 


2.6 


1.4 


817. 


84.8 


1 





10.2 


10.2 


0.3 


0.4 


64.8 


7.1 








10.3 


8.2 


5.2 


7.6 


83.8 


3.2 


1 


1 


10.3 


9.3 


3.9 


2.6 


26.1 


4.7 





1 


11.5 


14.2 


7.5 


4.4 


115. 


32.5 








11.8 


12.2 


1.0 


1.5 


2094. 


26.5 


1 





12.4 


10.6 


6.3 


9.6 


51.9 


2.0 








12.7 


11.1 


3.7 


6.5 


30.2 


1.1 








12.7 


18.3 


3.9 


7.9 


389. 


26.5 





2 


13.0 


12.5 


1.9 


5.8 


5705 


85.3 


1 





13.0 


14.0 


5.4 


4.8 


451. 


21.1 





1 


13.3 


18.9 


4.2 


1.1 


532. 


39.1 








13.5 


14.8 


5.2 


5.8 


1194 


68.0 


1 


1 


15.0 


8.9 


2.8 


6.0 


90.1 


6.5 


1 


1 


15.8 


10.1 


5.0 


6.8 


80.0 


6.2 








16.8 


16.2 


2.7 


2.4 


69.8 


4.0 








16.9 


17.3 


1.9 


2.0 


430. 


28.7 








17.3 


16.5 


3.8 


7.1 


616. 


35.6 





2 


19.0 


21.1 


6.4 


10.2 


100. 


8.8 





2 


19.4 


19.1 


1.4 


1.5 


660. 


42.5 








19.9 


13.9 


7.4 


3.4 


628. 


56.3 


2 


1 


20.0 


17.4 


10.8 


9.2 


766. 


47.4 


2 


1 


20.4 


20.3 


0.5 


1.2 


76.8 


7.9 








20.6 


7.4 


8.6 


3.6 


31.4 


5.0 


2 





20.7 


21.2 


0.7 


1.3 


1047 


34.2 


1 


1 


20.7 


21.4 


1.4 


6.7 


345. 


25.8 


2 


1 


21.0 


21.2 


1.0 


1.1 


448. 


21.5 








21.5 


15.8 


0.6 


2.6 


1361 


18.9 


1 


1 


21.7 


17.1 


10.7 


5.2 


134. 


11.5 


2 


1 


21.9 


21.6 


1.6 


13.3 


27.3 


4.3 





2 


22.2 


22.2 


4.5 


2.4 


50.3 


5.1 


2 


2 


22.8 


23.7 


4.2 


8.0 


250. 


30.9 





2 
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I'AfU.l'; 29. Tt-niper.iture parametors for taxa wlLli non-CJausslcin cli.iracler 1st ics . Taxa for which pal:tern of 
abundance relative to temperature Is apparently not Gaus.slan. Estimates given are based on best fit 
obtainable with parameterization procedure used. Parameters labeled as In Table 28. 



Species or Category 



Tm("C) 
Abso Rel 
abun abun 



S("C) 
Abso Rel 
abun abun 



Abso 
abun 



Rel 
abun 



I'ixed 
Abso Rel 
abun abun 



Ulothrix sp. #1 
Stephanodisaue subti I is 
Dinobryon soeiale 
Pediastrum simplex 
Ac'fmenellum thevmaie 
Tct raedron minimum 
GLocoaystis planet.oni<fa 
IJ lo t hrix suhoons t r'ia to 
Ooiiijstis spp. 



7.9 



21.1 
21.2 



4. A 



466. 



10.7 


— 


8.4 


— 


1609 


— 





- 


— 


15.2 


— 


1.6 


— 


5.1 


- 


(' 


15.3 


— 


5.6 


— 


193. 


— 


1 


- 


— 


15.9 


— 


0.5 


— 


18.2 


- 


1 


— 


16.0 


— 


7.2 


— 


1.3 


- 


1 



21.1 



7.2 



55.7 



0.5 
1.5 



2039 
333. 
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CONCLUSIONS 



Our results show that there is no consistant overall pattern of phyto- 
plankton distribution in the near-surface waters of Lake Ontario. There is 
generally poor correspondence between the patterns shown on various cruises, 
and particular stations are not consistently associated with any distinct 
floristlc association. 

One might expect, a priori^ that distinctive floristic associations 
would be found at stations adjacent to major sources. This expectation is 
realized to a limited degree. On several cruises, stations near Toronto, 
Hamilton, Rochester, and the Niagara have similar associations, different from 
the rest of the lake. These trends are not as consistent as might be expected, 
either in the degree of distinctiveness of the floristic associations found or 
in the areal extent of the regions with common associations. This result is 
somewhat surprising in light of much more easily interpreted patterns found 
in regions of the Great Lakes which receive less loading (Schelske et al., 1976), 
One factor that probably contributes to this is the fact that stations directly 
immediate to sources were not available in the present analysis. If particular 
taxa or groups of taxa are favored by particular inputs, their dominance 
might reasonably be expected to be greatest immediately adjacent to the source. 
All of the stations considered in this study are at some distance from sources, 
and hence the clarity of any such relationships may be partially masked by 
the effects of physical mixing or losses due to predation or sinking. 

The other very striking difference between the present study and similar 
attempts to characterize areas of the Great Lakes on the basis of their 
phytoplankton associations is the total lack of species which are considered 
indicative of oligotrophic conditions in Lake Ontario. All of the taxa abun- 
dant enough to be considered in the PCA are tolerant of eutrophic conditions. 
This, in a sense, has the effect of limiting the scale of our analysis since 
in Lake Ontario, unlike the upper lakes, one end of the trophic spectrum has 
essentially been eliminated. It may well be that in a system as severely 
forced as Lake Ontario, phytoplankton distribution patterns are mainly reflec- 
tive of transient physical conditions or biotic factors. 

It should also be remembered that the data considered in this report are 
restricted to the near surface waters. Since there may be a strong vertical 
zonation of phytoplankton population abundance during periods of stratification, 
the patterns are not necessarily reflective of the total distribution of any 
given taxon. This problem is particularly severe if cases exist where popu- 
lations developed at depth are transported to the near surface waters either 
actively or passively. Events, such as upwelllngs, which result in passive 
vertical transport would reasonably be expected to be of the time and space 
scales which would be resolved by the present analysis. Active vertical 
migration of particular populations could be a seriously complicating factor 
since they are most likely cued by light level and the cruises were run on a 
24 hr basis. The fact that stations on adjacent lines are diff erently . grouped 
suggests that this may be a factor, although the apparent cases we have in- 
spected indicate this is not likely. Direct experimental verification would 
be needed to evaluate this effect. 

It is also apparent that a finer time scale in sampling would be desirable 
in a rapidly changing system such as Lake Ontario. It is highly probable that 
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the population maxima of some of the more important phytoplankton taxa were 
missed because of the long intervals between sampling. This is especially trtie 
of the late summer - early fall period,, Why Lake Ontario during IFYGL apparently 
uudt'rwent c-hange more rapidly than is usual in the upper Great Lakes is not 
clear, although part of the difference may be due to the timing of the IFYCL 
sampling during a highly .'ityplcai year in terms of meteorological conditions. 

The distribution of total near-surface algal biomass is also unusual 
when compared with the upper Great Lakes. In southern Lake Michigan (Ladewskl 
and Stoermer, 1973; Stoermer unpublished data) and Lake Huron (Stoermer, in 
prep.) it is normal for highest standing crops to occur inshore and lower 
standing crops offshore. While this is often true for Lake Ontario, there 
are many exceptions (e.g. Figs. 39, 41, 46). 

The results of this study do clearly show that the patterns of phyto- 
plankton abundance and composition present in Lake Ontario during IFYGL are 
unlikely to be captured by any arbitrarily composed segmentation scheme. 
According to our analysis there are literally no station pairs which could be 
assumed not to have significantly different phytoplankton assemblages at some 
time during the IFYGL sampling. 

Nevertheless, there do appear to be some general patterns of algal distri- 
bution. A region of stations in the southwestern part of the lake often group 
together (e.g. cruises 2, 4, 5, 8-10). This region is often characterized 
further by either very low total algal density (e.g. cruise 2) or very high 
density (e.g. cruises 3, 5) especially near the mouth of the Niagara River 
which is apparently the main influence on this region. 

Another region which shows itself most strongly in spring is located in 
the northwestern part of the lake near Toronto (e.g. cruise 2, 10). Spring 
diatom densities are particularly high here. 

Stations of the northeastern corner tend to group together (e.g. cruises 
2, 4, 6-8), although the size and exact location of the group varies consider- 
ably. Usually total algal density shows an increase toward the northeastern 
corner. 

There is an apparent effect by Rochester (e.g. cruise 4), where total 
densities are often high and algal communities often unique. Mexico Bay, near 
Oswego, also often has high total densities (e.g. cruise 2) and its own community. 
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